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ABSTRACT

This final report summarizes the products of
more than four years of research in the classifi-
cation of coastal environments and includes three
manuscripts detailing the results and conclusions
of three studies not issued in technical report
form. The three studies included are titled
"Coastal Wave Climates of the Americas," "Coastal
Marine Fauna and Marine Climates of the Americas,"”
and "An Assessment of Remote Sensing as a Tool in
Classifying Coastal Landscape Elements."

In addition, an evaluation of data quality,
quantity, availability, and suitability for the
purposes of classifying coastal environments is
included. Alsoc contained within this report are
statements as to the kinds of expertise required
to accomplish the research conducted and the ex-
pertise generated during the investigaticn.

‘We have concluded that the coastal environ-
ment may adequately be classified into a series
of natural environmental complexes which recur
in disparate geographical locations when the
dominant processes shaping the environment are
similar in quality and magnitude and that within
these complexes assumptions of homogeneity of
environmental attributes are appropriate at the
analysis scales used. It is proposed that the
natural complexes of the coastal environment
could serve as geographic units in future infor-
mation systems for the coastal environments.
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-INTRODUCTION

The research project Classification of the Coastal
Environments of the World conducted at the University of
Virginia in the Department of Environmental Sciences under
ONR Geography Programs Contract No. N00014-69-A-0060-0006,
initiated in 1971, is now complete. Its objective, stated
in our first research proposal, was to answer the guestion:
"Are there natural complexes of coastal environments that
are duplicated around the world when the processes. forcing
functions are similar?" '~ We have answered this question in
the affirmative and have reported our findings in a ‘series
of eleven technical reports. Included in this Final Report
for Contract No. N00014-69-A-0060-0006 is a summarization
of our research and the disclosure of research findings not
contained within the issued technical reports or publications.

In essence our research task was to systematize
coastal information throughout the classification process.
The resultant classes of coastal environments could then
serve as the basis for structuring information systems
thereby circumventing the problems inherent in data-storage
systems. Advancements in information-systems science con-
sequently was the focus area of Naval application. It would
be an overstatement to say that we have produced an informa-
tion system ready for operationalization by the Navy and
application to Navy needs. It is more appropriate to state
that the classification system we developed provides natural
units of the coast within which statistical summarizations
of coastal information may be generally applied. This re-
duces the necessity of storing all data collected for the
coastal unit. Additionally, coastal units of the same class
for which information is deficient may be inferred to have
similar statistical attributes.

Although this is a significant distance from an oper-
ational information system, it illustrates the essential
difference between a data-storage system and an information
system. That is, an information system should provide infor-
mation freed from the constraints of the specific spatial
and temporal coordinates of the original collection of pri-
mary data. The problems of how to generalize data and extend
its applicability beyond the spatial and temporal constraints
of the primary data collection, and how to evolve from a
‘data-storage system to an information system are one and the
same. Once the bounds in space and time are defined, raw
data may be added to the information system, by summarization,



and applied. Much of our effort has focused on the tools
needed to accomplish these ends. We have done pioneering
work in the application of multivariate statistical pro-
cedures to the problem of systematizing coastal information
in Technical Report No. 9, Systematiec Variations im Offshore
Bathymetry, Resio et al., 1973; Technical Report No. 10,
Systematic Variations in Inshore Bathymetry, Hayden et al.,
1975; and Technical Report No. 11, Systematiec Variations

in Barrier-Igland Topography, Vincent et al., 1975. Infor-
mation storage economics of 100 fold are consequently now
available for certain attributes of the coastal environment.

While we are convinced that substantial progress has
been made toward the development of information systems of-
reasonable proportion, our work as reported in eleven tech-
nical reports has resulted in significant contributions to
the base of knowledge about our coastal environment.



DESIGN OF THE CLASSIFICATION SYSTEM

The problem of designing a classification system was
an intellectual exercise in its initial stages. Prior
attempts to systematize coastal information had resulted
in a coarse global classification based upon a single ele-
ment or a local coastal investigation focusing on a single
process. We concluded that the coastal environment is the
result of a multiplicity of processes within the context
of coastal materials. Based upon a survey of the operative
processes, we concluded that two directional or orientational
aspects of these many processes are generally common. First,
recognizable gradients along the coast are clearly evident
in the geographical display of the various attributes of the
coastal enviromment. Such along-the-coast distributions are
found for atmospheric, marine, and terrestrial attributes.
Secondly, there is a pronounced organization of attributes
normal to the trend of the coast.

We also concluded that environmental organization along
the coast is a macro-scale phenomena and is related to: 1)
large scale circulation patterns of the atmosphere; 2) large
scale circulation patterns of the oceans; and 3) large scale
regional organization of geologic materials and processes.
Large scale attributes in turn make possible the conditions
within which the smaller scale processes acting normal to
the coast are operative. These large scale attributes were
then selected as the defining attributes of the first level
of our classification. At this first level of classification
the essential question is "What is there in terms of both
materials and processes?" Thus the first level of classi-
fication of the coastal environment as organized along the
coast, referred to in our technical literature as the 2-
system, consists of three defining criteria classified
independently: 1) the atmospheric climate; 2) the marine
climate; and 3) the terrestrial interface of land, sea, and
air. Each of the three components may stand alone as a
separate classification system or be united as a single
three-part environmental classification of the coast. The
details of this classification as applied toc the coasts of
the Americas is presented in Technical Report No. 1, Classi-
fication of the Coastal Envivonments of the World: Part I,
The Americas, Dolan et al., 1972. The classification sys-
tem was subsequently applied to the coasts of Africa and
-reported in Technical Report No. 3, Classification of the
Coastal Environmente of the World, Part II, Africa, Hayden
et al., 1973. The process of classification of coastal
environments is detailed in Technical Report No. 2, (Classi-
fication of (Coastal Environments Procedures and Guidelines,



Dolan and Hayden, 1973. In Technical Report No. 4, (Classi-
fication of Coastal Environments Procedures and Guidelines
A Case Study, Dolan et al., 1973, illustrates the Z-system
of classification using the east coast of the United States
as a case study.

The problem of classifying the coastal environment
as organized across the coast (the n-system) proved more
difficult. At first we concluded that the multiplicity
of processes acting normal to the coast should, when the
magnitude of the processes are similar, give rise to a
sequence of subzone widths (normal to the coast) that would
be definitive; i.e., provide a recognizable class or type
of coastal environment. Consequently we defined a subset
of six subzones of the coastal zone, measured their widths
along barrier-island irnitexrfaces of the Atlantic and Gulf
coasts of the United States, and analyzed these six widths
as a vector using eigenvector analysis. We reported the
results of this analysis in Technical Report No. 5, (Classi-
fication of Coastal Environments: Analysis Across the Coast,
Barrier Island Interfaces, Resio et al., 1973. Although
seven definable groupings or classes were found, some of
which had multiple occurrences, they represented an exces-
sive weighting of the relatively stable deep-water and
the inland terrestrial zones: Since the subaqueous and
subaerial beach zones played little role in defining the
classes, the width of these six zones was rejected as the
appropriate defining attribute for the classification,

After considerable deliberation we decided that topo-
graphic attributes of each of the six zones would be a more
appropriate measure reflecting the formative processes to a
higher degree. Consequently three studies were initiated
to assess the characteristic morphologic organizations of
the coastal zone. The first study dealt with offshore
bathymetry from the shoreline to a distance 9 miles (14 km)
offshore. Transect data was extracted from hydrographic
" charts and analyzed using multivariate statistics. Three
new variables characterized 97% of the topographic vari-
ance in offshore bathymetry and the magnitude of these new
variables varied systematically along the coast. The results
of this study were reported in Téchnical Report No. 9, Sys-
tematic Variations in Offshore Bathymetry, Resio et al.,
1974. similar studies of the inshore bathymetry (from the
shoreline to 1200 ft [365 m] offshore) and barrier-island
topography were conducted and reported in Technical Report
No. 10, Systematic Variations in Inshore Bathymetry, Hayden
et al., 1975, and Technical Report No. 11, Syetematic Vari-
ations im Barrier=Island Topography, Vincent et al., 1975.



Based on the study of offshore and inshore bathymetric
organization and barrier-island topography, we concluded
that the topographic attributes of the coastal subzones are
appropriate to use to further stratify the environmental
types defined in the f%-system of classification. We also
showed that eigenvector analysis of the topographic attrib-
utes is an ideal and objective procedure for the classification
of environmental organization across the coast.

Auxiliary Studies

Several auxiliary studies were conducted which con-
tributed to our efforts to classify coastal environments.
Three of these studies were released as technical reports:

1) Technical Report No. 6, Classification of the Coastal
Environments of the World The Climatiec Regimes of
Western South America: A Case Study, Biscoe et al.,
1973. 1In this report inherent differences in the
climatic regimes along the west coasts of North and
South America are examined in detail. Portions of
the research reported here served the research
requirement for the degree of Master of Science
awarded to Mr. Carlton Biscoe, Jr.

2) Technical Report No. 7, Quantification of Shore-
line Meandering, Vincent, 1973. 1In this report
meandering of the Cape Hatteras barrier-island
shoreline is gquantified. The work met the research
requirements for the Ph.D. degree awarded Dr.
Linwood Vincent by the University of Virginia.

3) Technical Report No. 8, An Integrated Model of
Storm-Generated Waves, Resio and Hayden, 1973.
This report, which served as the research require-
ment for Dr. Donald Resio's Ph.D., examines in
detail the probabilistic linkage between mid-
Atlantic wave and surge climates and the nature
of the atmospheric circulation.

In addition to Technical Report Nos. 6, 7, and 8 three
other studies were conducted the results of which were not
released in technical report form. Manuscripts for each
of these studies are presented in Appendices A, B, and C
of this Final Report in keeping with the full disclosure
clause of our contract and in keeping with the concept
that the technical-report reader community will gain from



our findings. Portions of these studies will appear in
print at a later date; however we hope the preliminary
manuscripts may serve in the interim.



DATA AVAILABILITY FOR COASTAL-ENVIRONMENTS CLASSIFICATION

At the outset of our investigations we expressed the
belief that the data base to accomplish the proposed task
existed and that a primary data-acquisition program was not
required or reguested. Although there were always deficien-
cies of available data we did find sufficient data and our
task was completed. We studied the coastal environments of
North America, South America, and Africa.

An assessment, based upon our experiences, of the suit-
ability of environmental information in eight broad classes
for North America, South America, Central America, and Africa
is presented in Table 1. This assessment provides a perspec-
tive of data availability and quality differences by subject
matter, class, and geographic locus even though it is sub-
jective. :

In general the existence of needed data posed few prob-
lems when compared with the logistical and data-reduction
problems. The nature of these ‘problems are summarized in
tabular form in Table 2. The major acquisition problems
resulted from 1) foreign sources, 2) the lack of a central
deposition of some data collections and, 3) the time-consuming
task of extracting and collecting data published in previous
literature. The man-hours required to find data sources
and initiate the acquisition process were considerable. As
a rule it may be said that the costs of amassing data for
such a research effort varies directly with the area density
of data required. '

A detailed assessment of the utility of remote sensing
as a data. base for classifying coastal environments is pre-
sented in Appendix C.



NORTH AMERICA

Geographic
Coverage

Data Density
or Map Scale

Temporal
Coverage

Previously
Summarized
or Classified

CENTRAL & SOUTH
AMERICA

Geographic
Coverage

Data Density
or Map Scale

Temporal
Coverage

Previously
Summarized
or Classified

AFRICA

a)
B)
<)
D)
E)

Geographic
Coverage

Data Density
or Map Scale

Temporal
Coverage

Previously
Summarized
or Classified

Good
Adeguate
Marginal
Poor
Non-Existent

TABLE 1

Data Suitability

Atmospheric Geologic Marine Biologic

A A B B
A B o] B
A E C E
C B C [of
A A B o}
A C c C
D E D E
C B C C
A A B C
A o) C c
3} E D E
C B C o]

Offshore Inshore Barrier-Island
Bathymetry Bathymetry Topography

A B A
A B B
E D D
D E E

NOT INCLUDED IN STUDY

NOT INCLUDED IN STUDY

Wave
Climate
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DATA SOURCES

Great quantities of data were required to systematize
and classify coastal information. The difficulty in acquiring
this data was compounded by the diversity of data types re-
guired and their numerous sources. Although there is no
central clearing house for coastal information, numerous
Federal agencies and several private firms publish catalogs
of available information. Our efforts to acquire coastal
information could have been abbreviated considerably had we
known about these catalogs at the outset of our investigation.
The construction of a bibliography of such catalogs ‘constitutes
a product of our research. It is hoped that this tabulation
will serve subseguent investigations.

.Catalogé of Available Data

A. Meteorological and Climatic Data

1. Catalogue of Meteorological Data for Research
Part I, II, III
Secretariat of the World Meteorological Organization
Geneva, Switzerland

2. Catalog of Meteorological Satellite Data
Television Cloud Photography
Tiros, Essa and Itos Catalog No. 5.31 through 5.327
NOAA ’
Washington, D.C. 20402

3. ATS Meteorological Data Catalog
for the Applications Technology Satellite
Volume I 7 December 1966 - 1 April 1969
Volume 2-5 1 August 1969 - 25 May 1970
ATS Project Manager
'Goddard Space Flight Center
Greenbelt, Maryland

4. Nimbus II HRIR Montage Catalog
Nimbus II, User's Guide

Nimbus II, Data Catalog, Vol. 1-5, Data Orbits 1035-2458
Nimbus I1II, " " vol. 1-6, " " 109-5529
Nimbus IV, " " Vol. 1-3, f v " 131-1956

Goddard Space Flight Center
Greenbelt, Maryland
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B. Marine Data

1.

Catalog of Nautical Charts and Publications
Sections:
Miscellaneous Charts & Sheets (N.O. Pub. #1-N-B)

Special Purpose Navigational Charts & Publications
(N.O. Pub. #1-N-3)

Numerical Listing of Charts (N.O. Pub. #1-N-L)

Catalog of Classified Charts (restricted sale)

Regions: 0 United States

1 Canada, Greenland & Iceland

2 Central & South America & Antarctica
3 Western Europe

4 Scandinavia, Baltic & USSR

5 Western Africa & Mediterranean

6 Indian Ocean

7 Australia & Indonesia

8 Oceania

9 East Asia

U.S. Oceanographic Office
Washington, D.C.

Coastal & Geodetic Survey Nautical Charts
Exclusive U.8. coastline

1:24,000; 1:62,000; 1:250,00

Published jointly under

U.S. Naval Oceanographic Office
Washington, D.C.

"Atlas of Pilot Charts

South Pacific and Indian Ocean

Central American Waters, South Atlantic Ocean
U.S. Naval QOceanography Office

Washington, D.C. 20402

Catalogue of Publications

Sailing Directions in Volumes and
other Hydrographic Publications
Defense Mapping Agency
Washington, D.C.

and any state map agent

User's Guide to NODC's Data Services

Key to Oceanographic Records Documentation #1
National Oceanographic Data Center
Washington, D.C.

12



6. Catalogue of Accessioned Publications’
World Data Center A : :
Oceanography :

Rockville, Maryland 20852

2

C. Topographic Data

1. Map Supply System Catalog
Asia, Australia, & the Pacific
Vol. 1 Asia Mainland
Vol. 2 Australia & Islands of Pacific
(both volumes are 1:60,000 & larger)
Western Hemisphere (1:60,000 & larger)
Europe, Africa & Middle East (1:60,000 & larger)
World small scale (smaller than 1:60,000)
Dept. of Army, Corps of Engineers
U.S. Army Topographic Command
Washington, D.C. 20315 '

2. USGS Topographic Series
Exclusive of U.S. coastline
State index maps available in 1:24,000;
1:62,000; 1:250,000
USGS
1200 S. Eads Street
Arlington, Va. 22202

3. List of Published Soil Surveys
U.S. Dept. of Agriculture
Soil Conservation Service
Information Division
Washington, D.C. 20250

4. Map Depository Catalcg
Telberg Boock Corp.
P,0. Box 545 :
Sag Harbor, N.¥Y. 11963

5. Profiles of Inshore Bathymetry
Loose copies of different locations on the
Eastern & Gulf coasts
CERC
Kingman Bldg.
Ft. Belvoir, Va. 22060
and Regional Offices of Army Corp. of Engineers

6. Index to Canadian Topographical Maps
Exclusive to Canada available in 1:50,000; 1:250,000
Map Distribution Office
Surveys & Mapping Brancy
Dept. of Energy, Mines & Resources
Ottawa, Canada

13



D. Atlas Data

1.

Bibliography on Marine Atlases

American Meteorological Society
Meteorological & Geoastrophysical Abstracts
National Oceanographic Data Center:
Washington, D.C.

International Maps & Atlases in print
edited by Kenneth L. Winch

R.R. Bowker Inc. -

New York, N.Y.

E. Aerial Photography Sources and Types

1.

Agrlcultural Stabilization & Conservation Service
Dept. of Agriculture
2505 Parleys Way
Salt Lake City, Utah 84109
({For N. Dakota, Nebraska, Kansas, Arkansas,
Louisiana, & States to the west)
Inland by county

Agricultural Stabilization & Conservation Service
Dept. of Agriculture
45 5. French Broad Avenue
Asheville, N. Carolina 28801
(For all other states)
Inland by county

American Air Surveys, Inc.
907 Pennsylvania Avenue
Pittsburgh, Pa. 15222
Commercial :

Bureau of Land Management
Dept. of the Interior
Washington, D.C. 20240

Carto-Photo Corp.
520 Conger St.
Eugene, Oregon 97402

Cartographic Archives Division
National Archives (GSA)

Washington, D.C. 20408

Historical photography prior to 1940

14



7. Chesapeake Bay Ecological Program Office
Bldg. E 105
NASA - Wallops
Wallops Station, Va. 23337
Chesapeake Bay and Mid-Atlantic coast

8. Coastal Engineering Research Center (CERC)
Kingman Bldg.
Ft. Belvoir, Va. 22060
Index of available aerial photography in U.S.

9. EROS Data Center
Sioux Falls, South Dakota 57198
Skylab, ERTS, NASA photography

10. Forest Service
Dept. of Agriculture
Washington, D.C. 20250
Inland

11. Coastal Mapping Division, C3415
National Ocean Survey, NOAA
Rockville, Maryland 20352 .
Ccastal to present

12. Soil Conservation Service
Dept. of Agriculture
East-West Highway & Belcrest Rd.
Hyattsville, Md. 20781

13. United States Geological Survey (USGS)
Map Information Office
Reston, Va. 22092
Primarily inland with indexes available

14. Virginia Dept. of Highways
Location & Design Engineer
1401 E. Broad St.
Richmond, Va. 23219
County

E. General Information

1. A Directory of Information Resources in the U.S. .
Federal Government
With a supplement of Government-Sponsored Information
Resources
Natl. Referral Center for Science & Technology
Library of Congress
Washington, D.C. 20540

15






PROJECT STAFF

Classifying coastal environments required a wide

sense of professional skills in the physical and mathe-
matical sciences and a support staff commensurate with
these skills and the guality of our reports.
is a list of our staff and their field of expertise which
we used to fulfill our research commitments.

Principal Investigators

R.
B.

Co-Investigators

G. Hornberger

J.
J.

Dolan
Hayden

Zieman
Fisher

Coastal Processes, Field Studies
Climatology, Ecology, Meteorology

Hydrology, Hydrodynamics
Marine Ecology
Shallow-Water Oceanography .
Coastal Processes '

Research Associates

M.
L.
D.

C.

Vincent
Vincent
Resio

Biscoe

Remote Sensing, Data Management
Coastal Processes (Statistics)
Climatology, Ccastal Processes
(Statistics)

Climatology

Research Assistants

J.
R.
P.
K.
N.
K.
E.
K.
D.
W.

Heywood
Glassen
Daniels
Bosserman
Morbeck
Kendall
Gilmore
Aprill
Lloyd
Felder

Remote Sensing
Coastal Geomorphology
Geology

Wave Climate
Cartography

Data Reduction

Data Collection

Data Collection

Data Reduction
Coastal Processes

17

The following

'1971-1875

1971-1975

1971
1971-1972
1973

1971-1974
1971-1974
1971-1974

1972-1973

1974-1975
1972-1973
1972
1971-1974
1972
1973-1974
1971-1972
1973-1974
1973
1973
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I. Technical Reports

TR1

TR2

TR4

TRS5

TR6

TR7

TR8
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Classification of the Coastal Environments

of the World: Part I, The Americas.

R. Dolan, B. Hayden, G. Hornberger, J. Zieman,
and M. Vincent. Feb., 1972.

Classification of Coastal Environments
Procedures and Guidelines. R. Dolan and
B. Hayden. Feb., 1973.

Classification of the Coastal Environments
of the World, Part II, Africa. B. Hayden,
M. Vincent, D. Resio, C. Biscoe, and R. Dolan.
Feb., 1973. .

Classification of Coastal Environments
Procedures and Guidelines A Case Study.

R. Dolan, B. Hayden, J. Fisher, M. Vincent,
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COASTAL WAVE CLIMATES OF THE AMERICASl

ABSTRACT. The geographic distribution of
coastal wave environments has to date re-
ceived‘little attention, Coastal wave
climates of the Americas, when classified
according to sea and swell sources and their
seasonal variations, agree well with wave
-height statistics and there is a -iarked
correspdndence_with reported distributions
of coastal marine fauna. The distribution
of wave-climate regimes exhibits hemispheric.
symmetry with recurring types along both the
east and west coasts of the Americas. KEY

WORDS: Americas, Climate regimes, Coastal

wave climates, Distribution, Hemispheric

symmetry.

It has long been recognized that waves and the

resultant nearshore currents hold a dominant position

in the formation and subsequent modification of coastal

landforms. Storm-wave—-induced shoreline modifications

cause hundreds of millions of dollars in damage each

Although the dynamics of these wave-shoreline

interactions are in part known, quantitative infor-

mation on wave climates at regional and hemispheric
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scales is lacking. This deficiency is acutely felt

by those responsible for zoning and planning decisions
in the coastal areas.2 Along the east coast of the
United States, for example, the Army Cbrps OEVEngineers
maintains six recording wave géges located in shallow
waters where wave modification is pronounced, and thus
site-wave environments deviate significantly from

the regional wave climates.3 For other areas of the
Americas, the information base is either.weaker than
along the U.S5. east cocast, or nonexistent.

This lack of quantitative information creates
serious problems to the coastal geomorphologist
concerned with the regional distribution of coastal
landforms. BRecause our understanding of the process
-response role of waves and currents is largely
restricted to a few sites of intensive study, a defin-
itive, comparative study at the present time. from a
geographic perspective is impossible.4 Although it
is simple to obtain data oﬁ factors important to sub-
aerial processes, such as temperature, rainfall, and
wind velocity, it is difficult to obtain comparable
data on factors important to the subagueous processes,
such as waves and currents. Assessment at hemispheric

scales 1s even more difficult.
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Classification of coanai wave climates for wide
geographic appliéation has received little attentiowu
in scientific literature. The early attempt of Davis,
in 1964, focused on the broad latitudinal distribution

of gale-force winds and wave climates:?>

The greatest stumbling block of all in the
deveiopment of a morphogenic approach to shore-
lines is the lack of information concerning the
coastal wave regimes which determines not only
the nature of wave attack, but also in large
part, the strength and direction of coastal

currents.

Traditionally, wave climates for specific local-
ities have been constructed from wave observations or
hindcasts of waves from meteorological data. Three

forms of observational data are available:

1) Visual records made on ships at sea;
2}y wvisual observations made from shore;

.3) instrumental wave recorders.6

Davis noted that these sources of information taken
together were insufficient to develop a clear picture

of world wave regimes; nevertheless, several attempts
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- have been made to. summarize statistically.the obser-
vational data.7
In 1969, Russell developed a coastal—wave—height_
classification for South America based on ship records.8
More recently, Ddlan presented a distribution of
landward-approaching waves for the Americas according
to five significant wave-height categories.9 Dolan
stated that oﬁ the west coas£ of the Americas, the
largest waves are in subpolar regions and the smallestb
waves are in thevintertropical‘zone. In contrast,
he noted that along the east coast of the Americas,
the highest Waves are in midlatitudes, and that in the
intertropical zoné, the highest waves are found near
Panama and Columbia. These hemispherically symmetrical
distributions of waves suggest that a wave-climate
classification based upon general atmospheric cir-
culation would prove useful.
.Because much of the difficulty in claséifying
wave climates is due to temporal and spatial vari-
ability bf the wave sources (the windfields), it is
essential that this variability be organizedland ac-
counted for. Fortunately, meteoroclogists have
confronted thisAproblem in their analysis of the

atmosphere according'to scales of motion. When

29



considering the generation of waves for classification
at hemispheric scales, the planetary and synoptic
scales of motion are significant. This paper develops
a classification of coastal wave—ciimate regimes

based on the sfructure of the.general atmosphéric
circulation, and examines the validity of this classi-
fication by comparison with available observational

wave data.
WAVE ENVIRONMENTS

Small waves generated from local windfields are
of limited significance in shoreline processes. .The
most important waves are those associatéd with the
large, semipermanent wind systems or those associatéd
with migratory storms. These waves take the form of
sea if generated near the coast, or swell if generated
far from the coast.10 The problem of understanding
coastal wave climates is complicated by the simul-
taneous arrival at the coast of waves from several
different sources. Consequently, the restructuring of
wave environments from observational data is very
difficult.

Another' approach to solving this problem is to
hindcast the waves arriving at the shore through

. o yis 1
analyses of the windfields of individual wave sources.
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Although this approach has proven effective and is
consistent with observational data, it requires that
each site along the coast be hindcasted for each
wave-producing event and that the subsequent data be
summarized élimatically. Time and resources preclude
the application of such methods at a hemispheric scale.
A deductive approach recommended by Davis involved
"using the data of marine meteorology and what is now
known of the factors of wave generation and propogation
and comparing the conclusions thus reached with the

. 1
observational record.” 2

CLASSIFICATION MODEL

PZanetam/ Secale

The planetary-scale features of the general atmo-
spheric circulation are.semipermanéht, spatially and
temporally, and include the subpolar low-pressure cells,
the sgbtropical highs,ithe midlatitude wesﬁerlies, and
the tropical easterlies. Because these features and
their aséociated-surface windfields are well developed
over oceanic areas,:they provide a ready foundation for

the classification of wave-generating winds.

1) The subpolar current;

. 2) the subtropical current;
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3) the intertropical current and;

4)  the westerly current.

Of the four major wind-current systems, only the
westerly current causes sea and swell in a predom-
inately offshore direction along the coastal areas of
the Americas. Therefore, the westerly current is not
included in the proposed classification scheme. The
dominant directions of coastal swell and the planetary
-scale wind currents correspond closely for the eést
and west coasts of the Americas during both January'and
July (Figs. 1 and 2).

Near‘the coastal zone; windstreams.assbciated
with major wind currents may be converging or diverging
from adjacenf windstreams. The attribute of airstream
convergence énd divergence reflects the prevailing
cyclonic (stormy) or anticyclonic (fair weather) cur-
vature of the isobaric field and characterizes various
portions within the major wind currents (Fig. 3). This
attribute is particularly useful in classifying wave

climates for the following reasons:

1) Regions of con&ergence are generally
cyclonic with tight spacing of isobars
and with étrong winds resulting in high

waveeg;
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2) many regions have a strong seasonal

character in relation to the

direction

of wave approach, which is accompanied

by a seasonality in convergence and

divergence;

3) it was one of the defining attributes

of Dolan's classification of

coastal

climates, thus making the present clas-

sification of waves consistent with his

climatic classification.

The subpolar wind current along the poleward flank

of the subpolar cyclones generates sea

and swell af-

fecting the high-latitude continental east coasts.

Along the Argentinian east coast, southeast swell from

the subpolar current moves toward the equator as near

as 20° S latitude. 1In North America,

the land orien-

tation relative to the subpolar low-pressure cell

prevents widespread effects of the subpolar current.

The subtropical wind current is associated with

the equatorward flanks of the subpolar
the poleward flanks of the subtropical
(Fig. 3). The two subtropical current
the South Pacific, are significant for

the Americas. On approach to the west
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Americas, each system subdivides into three principal
currents: a poleward, an equatorial, and a zonal limb.

The poleward limb is directly associated with the
adjacent subpolar cyclone, causing cyclonic vorticity
and converging airstreams to déminate the adjacent
coastal areas. The equatorward limb is associated
wiﬁh thé eastern flank of the subtropical anticyclones,
causing anticyclonic vorticity and divergence of the
airstreams to dominate. The zonal limb is equivalent
to the extension to the continent of the main body of
the subtropical current. This zonal limb is shown in
the swell dominance (maximum) from the west which
characterizes the midlatitude sections of the west.
coast of the Americas.

Although the subtropical'currents of the North and
South Pacific are similar in form, they differ in
seasonal behavior and have important implications for
west-coast wave climates. 1In the Northern Hemisphere
during the last week of June, the subtropical anti-
cyclone of the Ndrth Pacific moves northward approxi-
mately 5°>latitﬁde, shifting northward the equatorward
and the zonal limbs of the subtropical cﬁrrent and

13

its associated waves. There is no equivalent shift

for the subtropical anticyclone of the South pPacific.
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In addition, the subpolar cyclone of the North Pacific
is relatively stationary wiéh its mean location along
the Aleutian Islands or in the Gulf of Alaska.l4 In
}he Southern Hemisphere, the subpolar low-pressure
cells have no preferential geographic position but
revolve around the Antarctic continent. The resulting
variable in position relative to the Chilean coast re-
sults in differences in sea and swell dominance when
compared.to the North American coast.

The intertropical current consists primarily of
the trade-wind systems associated with the equatorial
flanks of the subtropical anticyclones in adjacent
oceans (Fig. 3). For the east coast of the Americas
and its coastal wave climates, the subtropical current
of the tropical Atlantic Ocean is significant. Two
major branches of the intertropical cﬁrrent are defined:
One moves southward along the Brazilian Coast and the
other moves into the Caribbean Sea. The Caribbean
.branch subsequently divides: One branch recurves
equatorward, crossing the isthmus of Central America;
the other curves into the Gulf of Mexico.

In late June, the strength of the trade-wind

system increases abruptly causing the intertropical

sea and swell maxima evident in Caribbean coastal
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areas. Within the intertropical convergence zone,
the region between the two subtropical anticyclones of
adjacent oceans, eddy.disturbances develop into.
tropical depressions, some of which recurve northward
as hurricanes, generating significant sea and swell.
In the midlatitudes of the east coast cf the

Americas, the dominant airflow is westerly. Charac-
terizing the mid-Atlantic coast of the United States
and Argentina's southern coast is the persistence of
these midlatitude westerlies which generate swell in
the offshore direction along the United States'
mid-Atlantic coast and the Argentinian southern coast.
The westerly wind system is also a steering current
for tropical and extratropical pyclones and 1is there-

fore associated with locally heavy seas.
" Synoptic Scale

Although the semipermanent atmospheric circulation
accounts for much of the latge—scale organization of
coastal wave climates, migratory cyclones at the
synoptic scale give rise to significant departuresvfrom
these windfields. Three types of migratory cyclones
are included in .this classification: polar, extra-

tropical, and tropical cyclones.
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As used in this study, polar cyclones aré‘cycldnic
depressions poleward of the semipermanent, subpolar lows
that generally migrate from west to east. Wave genera-
tion 1is restricted to the Arctic Ocean and Bering Sea
regions. 1In these waters, the dominance of pack ice
restricts to the summer seasons waves generated by
polar cyclones.

Extratropical cyclones are confined to the mid-
latitudes within the westerly current and associated
with the polar frontal system. Extratropical cyclones
generally move from west to east and intensify when
moving from land to sea as along the Atlantic Coast
and -are responsible for the extremes of the wave
environment.

‘Hurricanes are tropical depressions which move
from east to west in low latitudes and subsequently
recurve poleward and eastward. The gale-force wind
velocities which characterize hurricanes generate
rough seas; and, in areas devoid of extratropical
cyclones, these wind velocities account for the
extremes of local wave climates. The low fregquency
of hurricanes and the widely diverse tracks they
follow preciudes_their dominance in statistical
averages_for most coastal areas. In the Americas,

hurricanes are restricted to the Northern Hemisphere;

37



their absence in the South Atlantic is attributed to
the high levels of shear in the tropical atmosphere

over the South Atlantic.l-6
CLASSIFICATION CRITERIA

In this study, wave climates of coastal areas of
the Americas were classified according to wave sources
for waves dominating the coast. Each class is defined

by three attributes:

1) The soufce of swell;
2) the divergence of airstreams in the
coastal zone;

3) the source of sea.

of thevthree category classes, the planetary-scale,
semibermanent, atmospheric-circulation features and

the synoptic-scale, migratory, atmospheric-circulation
features denote the actual wave sources (Tablé I). The
remaining category class, divergence of airstreams in
the coastal zone, denotes the seasonality of the sea
and swell wave environment. A (+) denotes a dominance
of divergent airstreams all year; a (-), convergent
airstreams all year; and a (+), divergent airstreéms‘

part of the year and convergent airstreams the remainder.
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For coasts where swell is largely generated by the
large~scale, semipermanent, wind-current systems, the
(+) and/or (-) notation denotes the limb of the
involved wind current. Oﬁ»coasts where the major com-
ponent of swell isrfrom migratory cyclones, the (-)
notation indicates the convergence associated with
cyclonic systems.'

A three-part symbolic ndmenélature designates thé
wave-climate regime identified. The first unit of
the name refers to the swell source; the second, to the
seasoﬁal aspect of the swell; and the third, to the

sea source. For example, B+b indicates that:

1) The dominant swell source is the sub-
tropical current (B): |

2) the swell source differs seasocnally,
part of the year under the influence of
the divergent (+), equatorward limb of
the subtropical current; and the re-
mainder of the vear under the convergent
(-), poleward limb of the subtropical
current;

3) the major sea component originates in

migratory, extratropical cyclones (b).
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APPLICATION TO THE AMERICAS

Determination of the planetary-scale features was
accomplished by the analysis of wave roses for monthly
mean swell for each Marsden square adjacent to the
coast.17 The dominant swell directions were compared
with monthly mean wind-rose data and maps of monthly
mean atmospﬁeric pressure. Each coastal area divided
by Marsden squares was assigned one of the four atmo-
spheric wind currents as its swell wave source. For
the continental east-coast midlatitudes, characterized
by a swell dominance in the offshore direction asso-
‘cliated with the westerly windbcurreht, the predominant
onshore swell component was selected for analysis.

Where these components coincided with the direction of
dominant sea, the appropriate synoptic-scale, migratory
storm type was assigned as the swell source.

The séasonal attribute of convergence and diver-
gence for the Marsden squares adjacent to the coast was
extracted from the coastal-climate-regime classification
of Dolan and the appropriate values were assigned.18
Using the same data set as that for the planetary-scale
features, the following procedure was used in the clas-

sification of synoptic-scale features:
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1) If the dominant direction differed from
that of swell, the sea soﬁrce was classed
according.to the appropriate synoptic
-scale, migratory storm type accounting
for that direction;

2) If the dominant sea direction was the
same as that of swell and the area was
largely devoid of migratory storms, the
semipermanent, atmospheric wind-current
class assigned to swell for that region

was also assigned as the sea source.

The resultant wave-climate regimes are homogeneous
for the classes of the defining attributes (Fig.4,
Table I): The planetary-scale and synoptic-scale
features of the general circulation and the attribute
of airstream divergence. Each wave-climate region is
assigned a,letter-code symbol according to the

stratification criteria (Table I). .

WEST COAST WAVE CLIMATES

Along the west coast of the Americas, six wave
-climate regime types occur. Although a hasic symmetry

of types B-B, B+B, B+B, and B-C is evident from pole to
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TABLE I.--WAVE-CLIMATE CLASSIFICATION ELEMENTéY

Sources of Sea and Swell

Letter Code

I. Large-Scale Semipermanent Wind Currents
l. Subpolar Current A
2. Subtropical Current B
3. Intertropical Current Cc
II. Synoptic-Scale Migratory Storms
l. Polar Cyclones a
2. Extratropical Cyclones b
3. Tropical Cyclones c
III. Wind-Current Divergence (Seasonality)
1. Divergence All Year +
2. Convergence All Year -
3. Seasonally Divergent and Convergent +
Source: author's own.
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equator, two additional types occur: B+b and B*B.7
These two types are located along the North Pacific Taloan

coast of the Americas and result from:

1) Unlike the South Pacific area, large
fluctuations in the north—south position
of the subtropical anticyclones result
in a seasonality of the coastal segments
dominated‘by the convergent and divergent
limbs of the subtropical current;

2) migratory extratropical cyclones prevail
during the winter season and generate
sea significantly greater than that
resulting from the semipermanent, sub-

tropical wind current.
Wave-climate type B-B occurs:

1). Along the Chilean southern coast, south
of 37° South;

2) along the British Columbian and Southern

‘ Alaskan coast (to and) including the |

Aleutian Islands.

In both locations, storminess and rough seas prevail "
due to the persistent cyclonic curvatures of the

isobaric field and the resultant convergent flow of
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airstreams near the coast. The dominant sea and swell
source in each area is the poleward limb of the sub-
tropical current, and the dominant sea and swell are
the same in each area. The percentage of time in
which moderate sea (5- to 12-foot-height [1.52 to

3.65 m] class) and moderate swell (6-to 12-foot-height
[1.82 to 3.65 m] class) dominate was summarized (Table
II). While the source and approach directions of both
sea and éwell are equivalent in each area, there are
several noteworthy differences between hemispheres;

In the Northern Hemisphere, swell has a éummer
frequency maximum and a winter frequency minimum. Sea,
however, is maximum in winter and minimum in summer,
marking the absence of a well-developed, subpolar,
low-pressure cell in the Gulf of Alaska during the sum-
mer months. In the Southern Hemisphere, well-developed,
éubpolar, low-pressure systéms'prevail throughout the
year; and thus the winter-summer seasonality charac-
teristic 6f North America is absent, and uniform
conditions prevail throughout the year. Another dif-
ference between the North American and South American
B-B regionsiis evident. In the Northern Hemisphere,
moderate sea dominates approximately 48 percent of the

time, moderate swell 28 percent of the time, and the
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subpolar lows are fixed in characteristic.positions'
(Table II). In the North Pécific region, the
preferential locations of the subpolar lows.are in the
Gulf of Alaska and the Aleutian Islands} and the close
proximity of the coastal area causes sea dominance. In
the Southern Hemisphere, the subpolar, low—?reSsure
cells are not fixed in place but rotate around the
‘globe at high latitudes. These cells are therefore
adjacent to the coast for a smaller time and swell
dominance prevails from the more distant wave
generation areas (Table II).

Wave-climate type B+b occurs along the éoasts of
Washington, Oregon, and Northern California and has
no equivalent along the South American west coast.
Swell which dominates coastal regions of B+b is
generated by the subtropical current and the percentage
of swell frequency in the heiéht class, 6-12 feeﬁ
(1.82-3.65 ﬁ), is uniform throughout the year. However,
in summer the dominant direction of swell is from the
northwgst;_but, during the remainder of the year, it is
from the west. This seasonality shows the change from
the dominant, convergent airflow of fall, winter, and
spring to the divergent airflow of summer which is a

result of the northward shift of the subtropical
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anticyclone around the end of June.19 The lack of a

similar shift in the subtropical anticyclone of the
South Pacific precludes the existence of a similar
wave-climate area along the west coast of South
America.20

Unlike the lack of seasonality in swell, there
is a marked seasonality of sea in percentage ofIWave
dominance in the 5- to 12-foot (1.52 to 3.65 m) class
due to the occurrence of extratropical storms during thé
low sun period of the year (Table II). Dﬁring summer,
sea is in the same direction as swell due to a common
source and the absence of extratropical storms; in fall,
winter, and’spring, sea is in a more‘northerly direc-
tion because of migratory, extratropical storms.
Although this region (Btb) receives sea from the sub-
tropical current, the sea from migratory storms
differentiates this region from B-B to the north and
B+b to the south.

Wave-climate type B+h occurs along the southern
two~thirds of the Californian cocast and is character-
ized by a prevaiiing anticyclone curvature of the
igsobaric field and divergent airflow of the southern
limb of subtropical, atmospheric current. The unifor-
mity of the condition throughout the year is due to

the uniformity of sea and swell direction (from the
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Northwest) and the absence of a marked seasonality of
percentage of moderate sea or swell ffequency. Howevér,
extratropical storms passing to the north add a westerly
component to the dominant sea direction during fall and
winter storm seasons. The absence of significant
migratory, extratropical storms in an equivalent area
along the South American west coast pfecludes this
wave-climate class in South america.

Wave-climate type B+B occurs along the west coast
of Mexico and along the coasts of Chile and Peru.
These areas are dominated in all seasons by anti-
cyclonic curvature of the isobaric and divergent flow
of airstreams, and the absence of migratory storms.
Sea and swell from the northwest dominate all year with
a common source of waves of both c¢atégories. 1In both
hemispheres, a winter maximum and a summer minimum in
percentage of moderate sea- and sWell-caused velocities
in the wavé—generating area characterize each area.
However, there are differences in the relative fre-
quencies. Sea is more frequent than swell in North
America, and swell is more frequent than sea in
South America because of the difference in orientation
of the land relative to the wave-generating areas. In

the B+B region of Mexico, distant swell-generating
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areas are shadowed by the iand adjacent to the north;
no equivalent shadowing occurs in‘the South American
region of B+B.

Although hurricanes and lesser tropical de-
pressions cross Central BAmerica and develop off the
Central American west coast, the frequency of these
events is low and they fail to show up on mean
representations of wave frequency and direction
statistics. | |

Wave-climate type B+B occurs along the west coast
of Central America and along the coast of Equador.
These areas are differentiated by the seasonal oc-
currence of airstream convergence and the general
storminess aésociated with north-south dscillations of
the intertropical convergence zone (intertropical
current). The wave-climate regions poleward of these
areas are rarely under the influence of these wind-
streams, and the wave-climate region between these
areas is dominated all year‘by the intertropical conver-
gence. - Therefore, the airstreams are convergent
during part of the year and divergent during the
remainder. Sea and swell in these two areas are
caused mainly by the equatorward limb of the sub-

tropical current. However, because a significant
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component of Southern Hemisphere swell dominates
Central America, spring frequency maxima are equiva-
lent to the Equadorian fall frequency maxima (Table
ITI). Unlike the frequency maxima for swell, the
frequency maxima for sea for the respeqtive areas
are six months apart and reflect the seasonal
north-south movement of the intertropical conver-
gence zone.

Wave-climate type B-C occurs along the equatorial
west coast of the Americas and is dominated by the
convergent-flow streamline from the Atlantic, inter-
tropical, atmospheric wind current. The complexity
of directions of approachihg waves reflects the
atmospheric wave structure of the intertropical .con-
vergence zone; however, the high frequency of offshore
waves from the northeast associated with the flow
across the isthmus of Central America illustrates the
uniqueness of this west-coast, wave-climate type. The
swell-frequency maximum of summer and fall:originates
mainly in the Southern Hemisphere; however, the sea
maximum of fall ahd winter is a result of the south-
ward median position of the intertropical convergence

zone and the associated local winds (Table II).
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East Coast Wave Climates

Along the east coast of the Americas, a basic
pole~to-equator symmetry of wave-climate types A-b,
C+C, C-C, and C+C is evident; however, the complex
orientations of the North American east coast in
relation to wave-generation source regions cause
departures froh the hemispheric symmetry which is
uninterrupted along the South American east coast.

These departures are as follows:

1) The land mass of eastern Canada pre-
vents swell from‘the subpélar current
from dominating the east coast of the
United States as it dominates the
temperate Argentinian coast;

2) the occurrence of hurricanes in the
North Atlantic, Caribbean, and Gulf
of Mexico has no analog for South
_America'because of a lack of hur-

ricanes in the South Atlantic.

East-coast, wave-climate type A-b occurs along
the coast of Argentina and the east coast of Canada.
Swell dominating these coastal areas is generated by

subpolar currents with dominant directions from the
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south and the southeast. The yvear-round presence
of subpolar lows around the Antarctic céntinent and
near Greenlapd precludes a well-defined, seasonal,
swell-frequency maxima (Table II). Airflow in the
coastal éreas is basically convergent, reflecting
the frequent tracking of extratropical cyclones
across the coast toward polar latitudes. In these
areas, sea is primarily the result of these extré-
tropical storms, and there is no evidence of a-
seasonal frequency chiefly because in North America
this wave-climate regime does not go as far south
as the equivaleﬁt Argentinian area.

Wave-climate type C+C occurs along numerous
coastal stretches of tropical and sﬁbtropical éreas
of the east coast of the Americas. Both sea and swell
arise from the intertropical current and are from
the same direction and experiencé_frequency maxima
in winter (Table II). Each of these areas is under
the influence seasonally of the intertropical convergence
zone as it moves northward ahd southward.

Wave-climate type C-C occurs along the north
central zone of South America and along the east coast

of Panama. These areas are dominated all year by the
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intertropical convergence zone. Sea and swell lack
“the strong seasonality whicﬁ characterizes the
adjacent C+C areas (Table II). Dominant sea and -swell
directions for these areas are identical, proving that
the intertropical currentlis the>common'soﬁrce of
waves.

Wave climate type Ct+c occurs along the coast of
the Gulf of Mexico. Because of a lack of hurricanes
in the South Atlantic (the major source of significant
seas), this type occurs only in the North Atlantic
sector. The region is seasonally subdominant with

. respect to convergence and divergence, with

winter being convergent and summer divergent. This
aspect of seasonali£y is evident in sWell directions.
In winﬁer, north swell from off the coast of North
America dominates; and, in summer, southeast swell
from intertropical current dominates. This season-
ality is evident in the winter sea and swell maxima
for this area (Table II).

Wave-climate type b-b occurs along the east
coast of the United States and is dominated by sea
and swell from extratropical cyclones which cross
these coastal areas‘from the west. It should be

noted that the dominant direction of swell is from

53



the wést, reflecting the westerly wind current;
however, because this component direction does not
approach;the coast, it is omitted from the clas-
sification. Both sea and swell have winter frequency
maximavand summer minima;'and, although swell
statistics inclﬁde-west swell, it is this westerly
current which encourages cyclogenesis and steers
storms across the coast where they cause shoreward
~directed sea and swell. Unlike the equivalent area
along the Argentinian coast, this area receives no
swell from . the subpolar current because of the sha-

dowing effect of the eastern Canadian landmass.

OBSERVATIONAL DATA

The wave-climate classification based upon wave
directions and wave sources was tested by comparing
its results with two widely differing sets of obser-

vational data:

1) The percentage of durations by wave
~height classes for shoreward-directed
waves; -

2) naturally occurring provinces cf the

. ' . 2
coastal marine fauna of the Americas. 1
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Although a functional relationship between wave-climate
classes derived through analysis of wave directions and
sources and wave-height statistics is not necessarily
bexpected, variation in wind speeds within wave—source.
types should agree broadly\with wave statistics for
wave-climate types of multiple occurrence.

Geographers have long relied on the covarying -
‘relationship between the structures of the biotic and
abiotic aspects of the’environment to reinforce and to
support the results of classification efforts.22 Near-
shore currents generated by approaching waves result
in both vertical and horizontai advections of coastal
waters which‘cause the extant thermal structure of
these waters. Since coastal marine fauna are largely
limited in their geographic distributions by thérmal
conditions, it is expected that the distributions of
coastal marine fauna should coincide in part with the

distributions of coastal wave climates.

- Wave Height Statistiecs

Wave-height statistics for shoreward-directed
waves along the coasts of the Americas were summarized
by Dolan according to the percentage of time durations

for five wave-height classes.23 Of those
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wave—climate regime types which occur in both North

and South America, all but type C-C have similar wave
~height (wavé) environments (Table III). Type C-C

when near Panama and Columbia has high wave heights;

but when it is élong the northern coast of South .
America,.it has only moderate wave heighté. - Therefore,
it is clear that wave-climate regime types although
located at widely differing sites have similar impinging
wave energies. ﬁave-climate regimes along the northern
Gulf of Mexico coast have no equivalent along the

coasts of South América. However, wave climates similar
both in terms of wave sources and wave-height charac-
teristics would be expected somewhere along the coast

of Asié_because of the prevailing winds’frdm the inter-
tropical current and hurricanes which dominate the wave
climate as they do along the northern Gulf of Mexico

coast.

Coastal Mrine Fauna

Faunal provinces and characteristic distributional
extents of coastal marine fauna have been reported by
. 24
Hedgpeth, Hall, Valentine, Abbott, and Hayden. . The

transitional locations of coastal marine-faunal
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TABLE III.--WAVE-HEIGHT CHARACTERIZATIONS FOR

RECURRING WAVE-CLIMATE TYPES

Wave-Climate

North America

South America

Types (10° N to 60° N) (10° N to 6&0° 8)
West Coast:
B-B High to very high High to very high
B+B Low to high Moderate to high
B+B Low Low
B-C Low Low to very low
East Coast:
A-b .. Moderate Moderate
C+C Moderate Moderate
Cc-C High Moderate
Source: author's own from present article .and Dolan, Hayden

et al., op. cit., footnote 9.
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communities were cqmpa:ed with the locations of the
boundaries between wave-climate regimes (Table IV);-
Boundaries within the respective data sets were said

to coincide if they were within one degree latitude

or an equiValent distance for eoaéts with an east-west
trend. Of the eighteen wave-climate boundary locations,
fifteen corresponded to transitional locations of the
coestal marine fauna. Of the wave-climate boundaries
fof which no faunal boundary is reported, two are along
the western Caribbean Sea and one is along the south-
west coast of Mexico, all are in thermally uniform
tropical waters where wave-induced circulations should
not result in an altered thermal structure. Although
the accuracy of the locations of the faunal and wave
-climate boundaries may be questioned based on the
original data, the high level of correspondence of

the biotic and abiotic data sets is strong evidence

in support of these analyses.

DISCUSSION

If observational data on wave environments is to
apply to more than specific sites, a definitive means
of designating the geographic limits of recording and
the recurrences of similar wave environments is nec-

essary. To do this through various means of
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TABLE IV.--MARINE FAUNAL TRANSITION ZONES AND

BOUNDARIES BETWEEN WAVE-CLIMATE TYPES

Wave-Climate . Reported Transition Zones

Boundaries in Coastal Marine Faﬁnal Distributions
Hedgpeth Hall  Valentine Abbott Dolan, Hayden
et al.
West Coast:
/B-B 58°N . : X

B-B/B+b 52°N X X X
B+b/B+b 38°N X X X
B+b/B+B 30°N X | X _ X X X
B+B/B+B  20°N X X X X
B+B/B-C 17°N |

B-C/B+B  2°N X
B+B/B+B 7°s X X
B+B/B-B  38°S X X
B-B/A-b 56°S X
Eaqst Coas t:

A-b/C+C - 28°S X

cic/c-é 1°s - » X
C-C/C+C  9°N X
Cc+C/C-C 11°N

C-C/C+C  11°N

C+C/Ctc  22°N | | X
C+c/b-b  25°N X | X X
b-b/A-b 47°N X : o X

Source: author's own constructed from data in publications

of above-named authors, see footnote 24.
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classification has been tried before (Table IV). 'Clas-
sification efforts in the natural sciences have tradi-.
tionally been a stepping stone to mbre detailed
investigation and experimentation and, as such, are
vehicles of further research.

Wave climatology as a recognized area of inqguiry
is in its infancy. The information demands of World
War II marked its beginning, and the prevailing trend
of coastal erosion in the 1960's and 1970's has
created a demand (among natural scientists and managers
of coastal areas) for increased information on the

nature of coastal wave environments.
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FIGURE CAPTIONS--COASTAL WAVE CLIMATES OF THE AMERICAS

Fig.

Fig.

Fig.

Fig.

1.

2.

3.

4.

Dominant direction of January swell (small
arrows) and the major wave generating-atmos—
pheric wind currenﬁs: A = subpolar current;
B = subtropical current; C = intertropical

current; D = westerly current.

Dominant directions of July swell (small arrows)
and the major wave generating atmospheric wind

currents; A = subpolar current; B = subtropical
current; C = intertropical current; D = westerly

current.

Schematic of the major semipefmanent wave
generating wind currents associated with atﬁos-
pheric circulation systems for an idealized
distribution of land and sea. Minusisigns indi-
cate prevailing convergence of airstreams; plus
signs indicate prevailing divergence of air-
streams; and a plus-minus indicates seasonally

variable convergence and divergence.

Distribution of wave-climate types for coastal

areas of the. Americas.
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COASTAL MARINE FAUNA AND

MARINE CLIMATES OF THE AMERICAS
BRUCE HAYDEN AND ROBERT DOLAN

Department of IEnvironmental Sciences,

University of Virgtinia, Charlottesville 22903

Abs tract. The geographic ranges of
968 mafine fauna for coastal areas of the
Americas excluding the Arctic were analyzed
for co-ranges and compared with recent clas-
sifications of coastal marine and wave cli-
mates. Forty-two co-ranges and thirty-nine
characteristic endpoints are reported. Mény
of the identified faunal boundaries corres-
pond. to those of previous.studies;‘and, of
‘the thirty-nine characteristic endpoints,
thirty coinéided with reported transition
region§ of the physical environment deter-
mined through analysis of the motion fields
of the marine and atmospheric fluids. It is
proposed that the hydrodynamics of the coastal
" marine environment give rise to the e»tant

thermal structure of coastal waters and as

73



such to thé distributional pattérhs‘éxﬁibited
byvfauna; The high le?el of coincidence be-
tween biotic and abiotic zones of change along
the coast clearly merits using both coastal
‘marine fauna and the hydrodynamics of adjacent
watérs to establish the marine proVinceé of

the coastal environment.

INTRODUCTION

The distributional éatterns of coastal marine
fauna have lohg servéd as the Basis for identification
of mariné provinces. .Implicit in thisvidentificétion
is the assumption that thé biogeography of coastal
marine‘fauna reflects the geographic structure of the
physical environment. While the temperaturé-is uSually
assumed to be the primary limiting factor controlling
the distribution of coastal marine fauﬁa, attempts to
quantify the assumed relationship have been unsuccessful.
Valentine (1966)'attributed the difficulty to "gelecting
a way to presént the temperatufe data that is biologi-
cally meaningful for a large numbe; of species through-
out the entire region.".

" Valentine further noted that "selection of a Single

criterion as a 'temperature factor' with which to
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contraét distributional phenomena is impossible." He
recommended the use of combinations of factors but noted
that such attempts have been unsuccessful to date.

In 1972, the authors, under the sponsorship of the
Office of Naval Research, Geography Programs, began work
on the classification of the coastal environments of
the BAmericas. Components of the physical environment
were classified independently éccording to the charac-
teristic motion fields of tﬁe atmosphere and oceans near
the coastal zone. Simultaneously, analyses were started
on the coastal marine and terréstrial fauna and flora
of the Americés.

This paper describes the nature of the major lati=~
tudinal changes in the disﬁributional structure of
selected coastal marine fauna and contrasts these
distributions and their endpoints with-recent classifi-
cations of_coastal'marine climates (Dolan,'Hayden et al.,
1972) and coastal wave climates {(Hayden and Dolan, 1973)

of the Americas excluding the Arctic.

SOURCES OF DATA

Distributional data were collected on coastal
marine fauna covering the coastal regions from Point

Barrow, Alaska, to Tierra del Fuego at the southern tip
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of South America, and from Tierra del Fuego to Henry
Kater Peninsula on Baffin Island on the_east coast of
the Americas. Déta were recorded on 968 forms, in-
cluding 167 ascidians, 228 cancroid crabs, 174 majidae

crabs, 112 oxystomatous crabs, 121 grapsoid crabs,

64 aplousobranchia, and 102 Mollusca. The major infor-

mation sources were Van Name (1945), Rathbun (1925,
1930, 1937), and Abbott (1954).

Distributional data on more than 2,000 forms of
west-coast Mollusca on which Valentine (1966) based his
ahalyses.of molluscan provinées were excluded from this
study to permit compa;ison with Valentine's work. Dis-
tributions were included whose endpoints were determined
by political boundaries, such as the border befween
Texas and Mexico. However, note was taken of potential
artifacts which might result from this inclusion.

The organization of physical properties of coastal
marine waters of the Americas, with which faunal-province
boundaries are compared, was.taken from the classifica=-
tion of.coastal marine waters {(Dolan, Hayden et al., 1972)
and the classification of coastal wave climates (Hayden

and Dolan, 1973).
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REVIEW OF THE LITERATURE

While the covariance of climate and terrestrial
vegetation has received considerable attention over the
years, less effort has been directed to the problem of.
the covariance of coastal marine biota and the physical
environment of coastal marine waters. However, in the
available literature a trend is clearly evident for
both terrestrial and coastal marine biogeography, charac-
terized by the appiication of complex variables (air_and
water masses, streamline functions) rather than single
variables {temperature, precipitation, salinity, etc.).
With respect to terrestrial vegetation, this trehd is
of three parts:

1) The early Greeks discer(ned that thermal condi-~
tions associated with seasonally changing solar inclina-
‘tions formed tropical, temperate, and arctic zones of
vegetation.

2) Koppen (1936) integrated thermal and hoisture
attributes to derive a classification of climates consis-
tent with the distribution of vegetation.

3) Mofe recently, Borchert (1953), Hare (1951),
and Bryson (1966} demonstrated that the distribution
and movement of air masses as determined through analy-

ses of the characteristic fields of atmospheric motions
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define natural climatic complexes whose conditions are
spatially homogeneous and which closely approximate the

major biomes of North America.

In the case of éoastal marine biotic provinces,
most of. the work to date has centeréd on establishing
covarying relationships between temperature or tempera—
ture gradients‘and the distribution of coastal marine
fauna (Hall, 1964; Valentine, 1966). 1In large part
this has been based on,physiological studies which
demonstrate the importahce.of'tﬁermal-limiting factors
affectingwboth growth and reproduction (Bullockbvl955;
Gunter, 1957; Segal, 1961). However, attempts to
establisn the relatiqhship between temperature gradients
and molluscan provincé boundaries have been unsuccessful
(Valentine, 1966). Based on marine biogeography, Hall
(1964) defined six marine‘climates which have charéc—
teristic temperature ranges for both the east and west
ansts of North America.

- Since the distribution of marine biota primarily
reflects thermal characteristics, classification of
coastal marine climate; has been based largeiy on known
. distributions of coastal marine fauna (Valentine, 1966;
‘Hall, 1964). However, the difficulty in defining the

covariance of thermal gharacteristics and the distribution
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of biota has remained chiefly because of dependence on
single-temperature measuresA(Valentine, 1966). After
summarizing the works of Bartsch (1912),_Newe1} (1948),
and Hall (1960, 1964) and presenting the results of
his own analyses, Valentine provided a valuable clue
toward solving this problem. 1In analyzing the basis of
molluscan distributions along the west coast, he indi-
cated that several province boundaries coincide with
such attributes as:

1) Summer position of tropical waters,

2) changes in hydrographic regimes,

3) ﬁpwelling, and

4) eddy systemé.
Valentine clearly stressed the rolg of water-mass types
and the charac£eristic motion fields of coastal marine
waters in establishing their thermal structure and the
resultant distributional adjustment of coastal marine
fauna. Reid (1962) demonstrated that patterns of oceanic
circulation in the Pacific are closely related to the
distributional structures of zooplankton volumes and
phosphate phosphorous content. Damas (1905) noted the
importance of cyclonic-circulation gyre in maintaining
organisms in a fixed region in the Norwegian sea.

Sgmme (1933) cited similar conditions for plankton
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distributiohs in the Gulf of Maine and»ianaffin Bay.
Sverdrup, Johnscon, and Fleming (1942) stressed the impor-
tance of currents as a determining factor in maintaining
an endemic .population. The existence of free—swimming

and planktontic stages in the life cycle of 1ar§er coastal
marine fauna would be similafly éffected by the hydro-
dynamic motions within coastal waters.

Along the west coast of the United States, hydro-
graphic and faunal patterns are well known and the
covarying relationships are clear. Valentine'(1966)
noted that near Cedros Island ih the summer, faunal
transitions are related to northward fluxes of t:opicél
waters. Neaeroint Conception, where faunal changes.aré
pronounced, a change iﬁ_hydrographic regimes wa's documented
by Reid, Roden, and Wyllie (1958). Dodimead and Hollister
(1958) noted circulation changes based on studies of drift
bottles at Dixon Entrance élong the British Columbia coast.
Dixon Entrance is the faunal-province bouﬁdary'between
Aleutian and.Oregonian coastal fauna (Valentyﬁe, 1966) .

The biogeography of coastal marine fauna is best
known for north temperate and north subpolar regions.
Faunal distributions for the coastal regions from Baja
California north to the Arctic Ocean have been studied
by Woodward (1856), Fischer (1887), Dall (1899, 1909,

'1921), Bartsch (1912), Smith (1919), Schenck and Keen (1936),
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Newell (1948), Hall (1960, 1964), and Valentine (1966).
Along the east coast of the United States and Canada,
faunal provinces have been proposed by Milne-Edwards
(1838), Dana (1853), Fofbes (1856) , Woodward (1856),
Packard (1863), Stephenson and Stevhenson (1954), Coomans
(1962), Hall (1964), and Hazel (1970). From these
studies five major provinces are dgenerally agreed upon:
the Arctic, Nova Scotian, Virginian, Carolinian, and
Caribbean, with separating boundaries at 47°, 41°, 35°
and 30° North latitude, respectively. Hazel (1970},
however, subdivided the Arctic province into Arctic and
‘Labrador provinces with a poorly defined zone of tran-
sition along the southern coast of Baffin Island.

Though considerable work has béen published on
tropical biogeographic provinces, based largely on the
distribution of coral, much less literature is available
on the tropics or most bf South America. Hedgpeth (1957)
proposed coastal marine faunal provinces for the world,

" thereby including the southern hemisphere; however, the
boundaries of tropical faunal provinces remain less
defined than those of the west and east coasts of North
America.

vFor both coasts of North America, the biégeography

of coastal marine fauna has been used to delineate marine
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climates. 'The most recent attempts are those éf
Valentine (1966) for the west coast and Hazel (1970) for
the east coast. Howeyer; since the infbrmétion source
of these marine climates is biogeographic, it is not
confirmed that the boundaries between regions of the
various marine climates are functionally related to

oceanic and coastal hydrodynamics.

CLASSIFICATION

Dolan, Hayden et al. (1972) developed a classi-
fication for coastal marine waters based upon the
distribution of water masses and the diréctioh of cur-
rent flow within the water masses. The classification
- provided infegration of temperature, salinity, and
large-scale advection of waters as manifesféd by thé
major currents. Subsequently, Hayden and Dolan (1973)
formulated a classification scheme for coastal wave
climates based on thé stfucture and organization qf
the atmospheric windfields in coastal regions‘and over
" the ocean surface. Since interaction of shoreward-
directed waves aﬁd the coastal interface give rise to a
system of inshore currents ana drift direction, thé classi-~
fication implicitly définea coastal regions within which

longshore currents are .specified on a climatic time scale.
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"If, in fact, the organization of water masses and motion
field§ within these water masses generates the thermal
structure of the coastal marine environment, then a high
level of coincidence between coastal marine faunal prov-
ince boundariés and the distribution of marine and wave
climates should be manifested. The testing of this hypoth-
esis for the coastal regions of the Americas is presented

in this paper.
The Coastal-Trend- Grid Coding System (CTG)

In order to reduce the distributional data on the
species studied‘to a machine-processable form, the
endpoints of the along-tﬁe;coast distribution of éach spe-
cies were numerically coded. While the Marsden and COTED |
(valentine 1966) systems of geographic coding wére avail—-
able, their use in analysis of coastal biota is limited .

because:

1) The grid cells of these systems are smaller
than the grid cells for the resolution of species dis-
tribution presentéd in the literature.

2) The grid cellé are not numbered consecutively
according to the trend of the coastline of the Ameriéas.
Consequently, we developed a new grid system. ‘Each grid

cell in the new system has a latitudinal thickness of 1°.

83



For coastal areas with a dominant east-west trend, we
added longitudinal divisions to render the length of the
included coastline to a size more nearly commensurate
‘Vwith coasts of a north-south orientation. The grid cells
were numbereé consecutively'beginning along the north
coast of Alaska moving counterclockwise around the land-
mass of the Americas. The resulting Coastal-Trend-Grid
coding system (CTG) is illustrated in Figures 1 and 2.

We excluded the Aleutian Islands, the Gulf of California,
and the islands of the Caribbean from the current study
to simplify'the analysis and the interpretation; particularly
in the Caribbean where problems of island biogeography
and biotiq migration routes are éxtremely complex. We
recorded, according té the CTG system, the distributionai

- endpoints of the 968 forms studied on IBM punch cards.
Co-range Analysis of Coastal Mirine Biota

We defined co-range in this study as an along-the-
coast distributional extent of two or more:organisms.
That is, when two or more organisms begin and end their
_distributions at the same coastal locations, they are
said to have co-ranges. If many organisms have identical
‘co-ranges, the co-range thus defined may attain the étatus

of a coastal-marine-biotic province. Given an x, y plot
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of distributional data, where x is the endpoint of the
distribution (by CTG cell numbers) and y is the beginning
point of the distribution of these numbers, clusters of
distributional data points define‘co¥ranges.A

We machine-plotted distributional coordinates for
the 968 species of‘crabs and Mollusca included in this
study for the east and west coasts of the Americas. 1In
each'plqt, clusters of data points were evident, indi-
cating the occurrences of co-ranges and boundaries between
co-ranges. In addition, certain values along the.x and y
axes were more common than others. Such values along the
y axis indicate characteristic starting points of distri-
butions. The data in the form plotted clearly indicated
that characteristic starting and terminating points of
the distributions are not confined to a single CTG location.
That ié, the zones of transition between co-ranges occur
over several adjacent CTG locations. 'Most of the clusters
(co-ranges) and starting and terminating loci. were generally
within four adjacent CTG locations. Consequently, the data
plots were interpreted by four consecutive CTG unit locations
and replotted as illustrated in Figures 3 and 4. The
resultant co-ranges are indicated by heavy-lined squares
and numbered according to the number of species éompris—

ing the co-range. The horizontal rows (v axis), as
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defined by cO—rénge squares, indicate characteristic
starting points of distributions (points of lowest CTG
cell number); and the vertical columns indicate charac-‘
teristic endpoints of distributions (points of highest
CTG cell numbers). |

For the west coast of the Americas, we defined 14
co-ranges, 9 characteristic~distribution, starting-point
locafions, and 8 characteristic-distribution endpoints
(Fig. 3). Along the east coast of the Americas, we
defined 28 co-ranges, 10 beginning locations, and 12
endpoint locations (Fig. 4).

While thevgraphic presentation of the distribu-
tional data in Figures 3 and 4 indicates the general
level of organization Qf the fauna studigs, the signifi-
cance of the distributional organization is evidént in
é comparison or organization of data pairs with that
expected by chance alone. The percentage of distributional
endpoint data pairs which fa;l within the co-range CTG
squares 1is 50% for the wést coast of the Americas and
56% for the east coast. Assuming a completely random
distribution of data pairs, one would expect only 1.9%
and 0.7% occurrence within the co~range sqguares for the
west and east coasts, resvectively. ?he departures from

randomness are in the range of twenty-five fold, i.e.,
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- occurrences within the co-range squares are approximatelyv
twenty-five times more frequent than expected by chance
alone. In similar manner, beginning loci (low CTG numbers)
of distributional pairs as defined by the cé—ranges
accounted for 78% (west coast) and 72% (east .coast) of
the total samples as compared to 24% (west coast) and 27%
(east coast) expected by chance alone. For termination
loci (high CTG numbers) éf distributional data pairs, 82%
(east coast) and 77% (west coast) of the total samples
are accounted for as compared to chance expectations of
21% (east coast) and 24% (west coast).

The hosﬁ northerly co-range terminus along the west
coast, CTG coordinates 2 through 5, is bracketed by two
small molluscan discontinuities at Point Barrow.and
Seward Peninsula (Valentine 1966). Valentine reported
mollﬁscan discontinuities at Nunivak Island, Hagemeister -
Island, and.Prince William Sound which we did not record
as co-range termini because of the exclusion of the
Aleutian Islands. Valentine's next four boundaries,
recorded at Dixon Entrance, Puget Sound, Monterey Bay,
and Point Conception coincided with the co-range termini
22-25, 29-32, 41-44 ahd 45—48,respectively. Scuth of
Point Conception (at Punta Eugenia and_Cabo San Lucas),

Valentine reported two additional faunal transitions.
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Although a strong discontinuity in Arthropod Decapoda

was recorded at Cabo San Lucas, we found no evidence.

for the faunal transition at Punfa Eugenia.

| For most of Central and South America, comparisons
of co;range termini in .previous literature are limited.
Hédgpeﬁh (1957) reported faunal-province boundaries at -
the equivalent CTG locatiens, 90, 119, 160, and 178. Of
ﬁhese four lbcations,'the firstitwo, both on the west
coast of South America, correspond with co-range termini.
The two CTC locations along the east coast of South
America, 160 and 178, do notvalign with co-range termini.
This disagreement probably stems from the difficulty in
assigning accurate endpoints to the distributions in
this region. 1In addition to the t@o boundarieé which
correspond to the reports of Hedgpeth, co~range termini
at CTG locations 72-75, 82-85, 97-100, 136-140, 151-154,
162-165, 168?171, 182-185, 192-195, 194-197, 205-208,
and 215-218 were identified and were not reported by
Hedgpeth.

From Yucatan northward we found 6 co-range termini
(245-248, 250-253, 266—269,_273—276, 281—284; and 288-291).
Termini locations at 268, 273, 285 and 29i have been
reported by Hedgpeth (1957) and Hall (1964). Hedgpeﬁh

reported a faunal transition in the vicinity of CTG location
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261; however, distributions which we identified as
terminating at the Texas-Mexico border nay be biased in

that this area is a political boundary. Hall (1964)

‘reported a faunal transition in the vicinity of Nova

Scotia for which we identified no equi&alent co-range
terminus; however, several forms terminated their dis-
tributions in a broad range from CTG 294 to_CTG 313
which includes the Nova Scotia region.

0f the thirty-seven co-range termini which we
identified, thirty (81%) are located within one CTG
cell of the marine-climate boundaries of Dolan, Hayden
et al. (1972) and the wave-climate boundaries of Hayden
and Dolan (1973). If one considers the co-range boundary
atvthe Texas-Mexico border as-an artifact of distributional
endpoint reporting and the co-range boundary at Baffin
Island as reéulting from an edge effect of the CTG system,
then the agreement is thirty out of thirty-five co-ranges
or 86% correspondence. Iﬁ either casevthe degree of co-
variance is striking. Of the fifteen marine-climate
boundaries we identified in 1972, twelve (80%) are matched
by co-range termini within one CTG unit. In addition, we
then noted a boundary at CTG location 309 (Nova Scotia)
which was reported by Hazel (1970) to‘be a major faunal

province boundary.
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In Figures 5 and 6 we compared the locations of
co-range termini with the transition zones in the mariné-
and wave climates of the coastél regions of the Americas,
(as we did in 1972 and 1973). Of thebseven co-ranges
whiéh do not coinéide with marine—cliﬁate boundaries,
two occur at or adjacent to the Amazon and Rio do la Plata
river mouths, and both a river mouth (Orinoco River) and
a wave-climate boundary occur adjacent to the co-range
terminus at CTG locations 213 and 214.

Two- co-range termini along the Gulf of Mexico coast
(CTG iocations 250-253 and 266-2692) also have no asso-
ciation with marine-climate boundaries.. The co-range
boundary at 183-186 along the Brazilian Coast does not
match a boundary in the physical environment. The
neareét boundary is at CTG location 178 and coincides
with a marine-faunal province boundary reported by
Hedgpeth (1957). The co—fange boundary at 162-165
along.the coast of Argentina does not coincide with any
of the boundaries reported by us in 1972 or 1973. Of
the eleven wave-climate boundaries reported by Hayden
and Dolan (1973), twelve (67%) are within one CTG unit of
co-range termini. If we had included the faunal bqundary
near the Aleutian Iélands reported by Valentine (1966) and

the faunal boundary'at CTG location 178 reported by
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Hedgpeth (1957vaoth of which coincide with wave-climate
boundaries, in our comparison, the'percentagg correspon-
dence would be higher (78%).

Co-range termini occur in the vicinity of the Orinoco
and Amazon rivers. 1In each case a wave-climate boundary
coincides with the co-range terminus location. The direc~
tion of both the offshore and longshore currents is from
west to east; i.e., the co-range termini and wave-climate
transition zones are down-current from the river mouth,
suggesting that the dispegsal of some forms may be con-
trolled by the prevailing westward currents. In the case
of the co-range terminus at the outfall of the Rio de
la Plata in Argentina, the terminus is centered at the
river-mouth. The longshore and offshore current directions
in this area are both variable and as such would not tend
to cause a displaﬁement of the co-range terminus from
the river oytfall. In the case ofkthe Rio de la Plata,
salinity may beba dominant limiting variable. The co-range
terminus at the outfall of the Rio Grande is believed to
be an artifact of reports of endpoints of distributions
for North America whiéh excluded Mexico from the reporting
area of coverage. However, Hedgpeth (1957) reported a
faunal transition in this area; thus the possibility
remains that the co-range términus at this‘location

may be actual.
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- The co-range terminus at the junction of peninsular
Florida with thé Florida panhandle is not reflected in
any of the marine-climate transitions; however, a case
can be made for geologic control in this location.
Peninsular portions of the Gulf coast of Florida are
dominated by calcareocus sands and sediments character-
istically associated with mangroves; while along the
panhandle area; quartz sands and muds dominate. Three 
of the marine-climate boundaries reported by us in 1972
and 1973, for which no matching c&—range_termini have
been located (CTG coordinates 18, 178 and 309) were
reported by other investigators to be locations of
faunal change. Valentine (1966) reported faunal changes
immediately to the north and south of the Aleutian Islands'
juncture with mainland Alaska, which would coincide with
our reported wave-climate boundéry in 1973. At CTG
coordinates,178 and 309, Hedgpeth (1957) and Hazel (1970)
reported.faunal transitions which coincide with boundaries
in the marine climates. Of the marine-climate boundaries
for which we have no? recognized or reported a faunal
boundary, two are located along the Caribbean coast and
one along the southern coast cof western Mexico. Each
instance occurs in thermally uniform tropical waters
and the physical changes encountered are apparently within

the tolerance limits of tropicdl forms.
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In éeneral, the poorest f£it between the locations
of co-range termini and the boundaries of the marine
climates are along the southern coast of South America.
In large part this results from the relatively small
data set of faunal distributions for these areas and
from imprecision in the reports of'distributionél

endpoints in these coastal areas.

DISCUSSION

We have made no attempt to assign the status of
province to any Qf the co-ranges or groiups of co-ranges
which we identified. We made this decision in part
because of the confusion in nomenclature propoéed by
various authors for the provinces; Dall (1921) proposed
a nomeﬁclature based on a generalized terﬁinology of
marine climates even though identification of the prov-
inces depended upon biogeographic.analyses. On the
other hand, Coomans (1962) and Valentine_(1966) proposed
a province nomenélature based on the happenstance of
geogfaphic'location. Both Hall (1964) and Hazel (1970)
proposed a marine-climate nomenclature and a place-name
nomenclature for biogeographic provinces. Unlike the

case of the North American and Eurasian boreal forests,
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whose comparison is aided by. knowledge of community struc-
ture, dominant life forms, and ecologic functions upon‘
which terrestrial-vegetation nomenclature is based,
_knowledge of similar aspects of coastal marine communities
is incomplete. Although we noted a high degree of covari-
ance between biotic and abiotic components of the coastal
environments of the Americas, the respective boﬁndaries

or transition zones did not coincide to the degree. It
was the_excepﬁion rather than the rule that the center'
of a CTG unit-length co-range terminus exactly matched

the position of a boundary in the marine or wave climate.
However, centers in over 80% of the co-range termini were
within three CTG units of a physical transition zone.
"Therefore, if a system of nomenclature were to be struc-
tured, two separate systems should be construcﬁed for the
marine climates and faunal provinces, respectively.

For the purposes of this paper, it suffices to note
that'the geographic cqvariance of the structure of faunal
distribﬁtions and coastal—marine climates, based on the
study of co;stal and oceanic hydrodynamics, is st:iking'
and merits continued investigation. Concurfently, study
of the organizatiohal structure of coastal marine biotic
communities and their ecologic function and physioclogy
will lead to increased undefstanding of the mechanisms
responsible for the high degree of covariance between the

physical and biological components.
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FIGURE LEGENDS

FIG. 1. Coastal-trend-grid coordinate system for

North America.

FIG. 2. <Coastal-trend-grid coordinate system for

South America.

FIG. 3. Co-ranges and co-range termini for the
west coast of the Americas by coastal-trend—grid'cell
numbers. Co~ranges are indicated by heavy—lined-squares
with the number of forms in the co-range indicatéd. Rows
and columns indicate co-rénge termini. Individual points

’ihdicate range of single forms.

FIG. 4. Co-ranges and co—fange termini for the
east ccast of the Americas by coastal-trend-grid cell
numbers. Co-ranges are indicated by heavy-lined squares
with the number of forms in ﬁhe co-range indicated.

Rows and columns indicate co-range termini. - Individual

points indicate range of single forms.

FIG;‘S. Co~range termini and marine- and wave-climate
boundaries for North América. Shaded coastal-trénd—grid
cells indicate co4;ange distributions. Open circles indi-
cate positions of wave-climate boundaries (after Hayden
and‘Dolan, 1973) and solid circles indicate marine-climate

boundaries (after Dolan, Hayden, et al., 1972).
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FIG. 6. Co-rarge termini and marine- and wave
-climate boundaries for South‘Am_erica. Shaded coastal
-trend-grid cells indicate co-range distributions.

Open circles indicate positions of wave-climate boun-
daries (after Hayden and Dolan, l973).and solid circles
indicate marine-climate boundaries (afterbbolan, Hayden,

et al., 1972).

96



oy

97




226 ‘ 220 P
' gl 02 r
, 22 2248 222] “pte ] A= 216

2as et

. 100

105
110

130

15
120 o
125 %_EL_J e 168 40
N 1 |
%a .
\ 5E \ ( j
\_ap \ [ (- |
130 S 50 |
e ] }
138 Iz 1 S 155

4T |
[ Sy |
90 80 140 NG 55 =

98



SOUTHERN DISTRIBUTIONAL ENDPOINTS BY CTG COORDINATES
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NORTHERN DISTRIBUTIONAL ENDPOINTS BY CTG COORDINATES
160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 . 330

-] 5 5
160- . . . 160
AN k . S ’

|70~ . i : F170
 180- . -, =1 MR N P Y I ’ L 180
;"'_" e .. |7 12 5 ., 71 15 |3 .
g :
=190 . 190
frd iz - R 9 - T
3 N - .
0200~ i ) * F 200
(}2 v 71 5
© 210- [ 210
& .

*Ja

P 220- : A [ 220
Z
g - :
8 230- 230
Z
w
H240- - 240
g .
=] s .13 4
5250_ . - - b 250
- :
m Y
b',aso- L 260
o 3] [o]-
= 20] © 4] .0°
x 270~ N = F 270
lf' 52| . o] []-
5 .
O 280~ . . L 280
o S :

290- . . + «, L2F290

. (1]

300- - : - 300

100



e e

%

e
i)

90

1o

120

101



50 a0 =
1,
210
206 0
’ o~ |

200

102



ACKNOWLEDGMENT
Research for this study was conducted with a grant

from the Office of Naval Research, Geography Programs,

University of Virginia, Charlottesville, Virginia 22903.

103



LITERATURE CITED

Abbott, R. T. 1954. American seashells. D. Van Nostrand,

—————— -

Bartsch, P. 1912. A zoogeographic study based on the

pryamidellid mollusks of the west coast of America.

Proc. Nat. Mus. 42: 297-349.

Borchert, J. R. 1953. Regional differences in the world
atmospheric circulation.v Annals Assoc. Am. Geographers
43: 14-26.

Boreal forest. Geographical Bull. B8: 228-269.

Bullock, T. H.  1955. Compensation for temperature
'in the.metabolism and activity of poikilotherms.

Biol. Rev. Cambridge Phil. Soc. 30: 311-342.

Coomans, H. E. 1962. Thé marine mollusk fauna of the
Virginian area as a basis for defining zoogeographical
provinces. Beaufortia 9: 83-104.

Qg;}i_wi_g,yl899. The mollusk.fauna of the Pribilof
Islands, ppo. 539-546. In D. S. Jordan [ed.] Fur seals
and fur seél islands of the North Pacific 3.

1309. Report of shells from Peruy wifh a
summary.of the littoral marine Mollusca of the Peruvian
zoological province. Proc. U.S. Nat. Mus. 37: 147-294.

1921. Summary of-the marine shell-

bearing mollusks of the northwest coast of America from

104



San Diego, California to the Polar Sea, mostly contained
in the collection of the U.S. National Museum, with

- illustrations of hitherto configured species}‘ U.S. Nat.
Mus. Bull. 112: 1-217.

Damas,. D. 1905. Notes biologiques sur  les copépodeé de
la mer Norvegienhe. Cons. Perm. Explor. Mer., Pub.

- Circonstance 22: 1-23.

Dana, J. D. 1853. On an isothermal qceanic chart,
iliustrating the geographical distribution of marine
animals. Am. J. Sci. Ser. 2, 16: 153-167, 314-327.

_Dgé_imgég_v_-é,-_g_-_éng_ﬁ;_g_-_ﬁg.l._l_i,s:css-‘ 1958. Progress
report of drift bottle releases in the northwest

Pacific Ocean. J. Fisheries Res. Board Con: 15: 851-

865..

e e e e e D e ———_— . g g oo U s s P P . G e o e o — o — — — i ke o ———

M._Vincent. 1972. Classification of the coastal
environments of the world, part I: the Americas.
Geography programs, Office of Naval Research, University
of Virginia, Charlottesville, Va. |

E}ggbggl;g; 1887. Manuel de conchybiologie et de
paleontologie ou histoire naturelle des moilusques

vivants et fossiles. Savy, Paris.

Forbes, E. 1856. Map of the distribution of marine-

life. In A. K. Johnson. The physical atlas‘of natural

phenomena. William Blackwood and Sons, London.

105



Gunter, G. 1957. Température, pp. 159-184. 1In

-y o

J. W. Hedgpeth [ed.] Treatise on marine ecology and
paleocecology 1. Ceol. Soc. Am. Mem. 67.

Hall, C._A. 1960. Displaced Miocene molluscan provinces
along the San Andreas fault, California. Uni#. Calif.
Pub. Geol. Sci. 34: 281-308.

. 1964. Shallow-water marine climates and
molluscan provinces. Ecology 45: 226-234.

Hare, F._K. 1951, Some climatological problems of
the Arctic and Sub-Arctic, p.952-964. In T. F. Malone
[ed.] Compendium o6f Meteorology. Am. Met. Soc.

Havden, B. P. and R. Dolan. 1973. Coastal wave climates

e e o e by Gt v et - — Sy = o o ek mma

of the Americas. In press.

Hazel, J. E. 1970. Atlantic continental shelf and
slépe of the U.S.-Ostracode zoogeography in the
southern Nova Scotia and northern Virginian faunal
provinces. Geol. Survey Professional Paper 529-E.

Hedgpeth, J. W. 1957. Treatise on marine ecology
and paleoecology, Vol. 1l: Ecology. Geol. Soc. of
Am. Memoir 67. |

Vol. 1, part C. In W. Koppen and R. Geiger, Handbuch

der Klimatologie. Gebruder Borntraeger, Berlin.

106



Milne-Edwards, H. 1838. Mémoire sur 1la distribution

géographique des Crustacés. BAnnales Sciences Naturelles
Zool. 2nd Ser. 10: 129-174.
Newell, I. M. 1948. Marine molluscan provinces of

western North America: a critique and a new analysis.

Proc. Am. Phil. Soc. 92: 155-156.

Island, southern Labrador. Canadian Naturalist 8:

401-429.

Rathbun, M. J. 1925. The spider crabs of America.

U.S. Nat. Mus. Bull. 129,

1930. The cancroid crabs of America.

U.S5. Nat. Mus. Bull. 152.

1937. The oxystomatons and allied

crabs of America. U.S. Nat. Mus. Bull. 166.

"Reid, J. L. 1962. On circulation, phosphate-phosphorous

content, and 200plankton volumes in the upper part

of the Pacific Ocean. Limnology and Oceanography 1

287-306.

Reid, J. L., G. I. Reden and J. G. Wyllie. 1958.
Studies of the California Progress Report 1 July 1956
to i Jan. 1958.

Schenck, H. G. and A. M. Keen. 1936. Marine molluscan

provinces of western North America. Proc. Am. Phil.

Soc. 76: 921-938.

107



235-244,

Smith, J. P. 1919. Climatic relations of the Tertiary and

and Quatenary fauna of the(hlifornia region. Proc.‘Caiif.
Acad. Sci. Ser. {4, 2; 123~173.
Sgmme,_ J. D. 1933. A possible relation between the pfo-
duction of animal plankton and the current system of
the sea.. Am. Natu:alist 67: 30-52.
Stephenson, T. A._and A. Stephenson. 1954. Life between
tidé marks in North America -- [parts]III A, B, Nova
Scotia‘and_Prince Edward Island. J. Ecology 42: 14-70.
Sverdrup, H. U., M. W. Johnson and R. H. Fleming. 1942.

The oceans: their physics, chemistry, and general biology.

Prentice-Hall, Inc. Englewood Cliffs, N. J.

© e g e - — o — ———

molluscan ranges,on the extratropical northeastern

Pacific §helf. Limnology and Oceanology 11: 198;211.
VanName, W._G. 1945. The North and South American Ascid-

ians. Bull. Am. Mus. of Natural History 84.
Woodward, S. P. 1856. A manual of the Mollusca, or,

rudimentary treatise of recent and fossil shells,

part 3. John Weale, London.

los8



APPENDIX C

An Assessment of Remote Sensing as a Tool in
Classifying Coastal Landscape Elements

Mary Vincent
Jeffrey Heywood
Linwood Vincent
Robert Dolan
Bruce Hayden

109



APPENDIX C
TABLE OF CONTENTS
’ Page

LIST OF TABLES + « « = & o o0 o « o o o o o o o « « . 111
PREFACE + « « v o = o o o o o & & o o 4 « o o o v . 112
ABSTRACT . « + o o o o o o o o o o o o o & = o « « « « 113
CHAPTERS

INTRODUCT»ION.......‘..‘-.7.‘...‘....115

IMAGERY...-..‘_..V.'......./.'.....116

DISCUSSION « « &+ & « « « o o o« o« o« « o « o o « « o 118

SUMMARY AND CONCLUSIONS . .« + « & « « o« « « + « - 126
GLOSSARY A+ & « » & + & o & & & o oo o o o « « o o 129

Advantages

Disadvantages

Best Uses of Various Imagery
GLOSSARY B . &+ & « & « ¢ « o o o o o i o oo o o« o 139

Part 1I: Landscape Elements

Part II. Interface Types

BIBLIOGRAPHY . + ¢ + « v « « & o« o« o« « o« « « « « « « . 160

110



APPENDIX C
LIST OF TABLES

TABLE ‘ . _ PAGE

1 Definition of Interface Types by Characterlstlc
Composition of Landscape Elements . . . . . . . . 117

2 Recognition of Landscape Elements on Imagery of 119
Various Types and Scales . . . +« + o « o « o« « &

3 Recognition of Landscape Elements on Topographic
Maps of Various Scales, with Degree Accuracy of
Quantitative Extraction Indicated . . . . . . . . 120

4 Recognition Rating of Landscape Element Groups
on Various Types and Scales of Imagery (in per-

cent) ¢ . ¢ 4 v et e e s e v e e e e e e e e .oe 121
5 Landscape Elements Grouped by Scales of Dimen- 122
sionality . + + & & 4 i v e v e e e e e e e e e

6 Recognition Rating of Landscape-Element Group-—
ings of Scales of Dimensionality on Various
Types and Scales of Imagery . . « « « « » « » « o 123

111



PREFACE"

Remote sensing, or the use of imagery for the

' identification éﬁd.studf of landscape features énd
phenomena, has potential-as an‘gfficient means Of
acquiring information andﬁgata for lénd—use ﬁangge—
ment and environmental ip&eétiga;ioﬁs;' ThéSg_uses~ﬂ
recognize theiexistence‘pf hatural éhvironmeﬁtal cdﬁ-
plexes that recur sbatiailyvana.exhibit?chafacteristié
gebgraphic distributions; ) | |

| There-are voluﬁe;‘of 1iteratﬁre on iemote sensing

dealing with'capabilities,'potential(~special\uses,

evaluations for pafticula£ fypesabfkstudies, sﬁitable
scales, and special ;echniques. However, most papers

are limited in scope to either a single type of imagery

or a single application énd are directed to the trained

interpreter with speéial equipment.

This paper presents observations on the use of
severai types of imagery in the investigation of coastal
environmental compleges. It is not intended as an imagery
recognition key for coastai features but as a guide to.

efficient imagery selection and application in the coastal

environment.
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ABSTRACT

In order to assess the applicability of remote-
sensing imagery and data to the coastal environment
classification process, a study of the utility of
various types of imagery for the identification of
coastal features was undertaken for sites along the
United States coastline. The study has shown that
recognition ratings can be used to summarize appro-
priate applications of imagery types. ‘Results
indicate that color infrared photography provides

the best base for most studies.
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INTRODUCTION

At the University of Virginia our research team
developed a method of classifying coastal environments

described in Classification of Coastal Environments,

Procedures and Guidelines (Dolan and Hayden 1973).

The classification fbcused on the interaction in two
parts; along—fhe—coast (E—system) and across-the-coast .
(a—system).

An earlier along-the—-coast investigation by the
same team dealt with three major environmental com-
ponents: atmospheric processes, marine processes, and
terrestrial materials. Twelve coastal interface types
were identified and related to a dominant process (Dolan
et al. 1972). |

An across-the-coast classification dealt with the
area between the edge of the continental shelf and the
inland limit of marine-process influence. This classi-
fication provided a tentative stratification of 2zones
within one interface type and discussed the potential

of the a—system (Resio et al. 1973).l

lMore detailed analyses of components of the envi-
ronment as organized across the coast are presented in
Systematic Variations in Offshore Bathymetry (Resio et
al., 1974), Systematic Variations in Inshore Bathymetry
(Hayden et al. 1974) and Systematic Variations in Barrier-
Island Topography (Vincent et al. 1974).

115



During our investigations of coastal environments,
we found.that topographid maps did not consistently pro-
vide adequate resolution for the identification of coastal
materials, configurations, and naturally occurring zones.
Therefore, we.studiea several types of imagery to evalu-
ate the possibility of using remote—sensihg imagery as a

data base in the classification system.
IMAGERY

Only imaqery‘of coastlines of the United States
was used in this study. We examined the following types
of imagery for features interpretable as processes,

coastal zones, and regional patterns:

Aerial Photography

1l. Black-and-White Panchromatic
2. Black-and~White Infrared

3. Color
4. Color Infrared
5. Skylab

Satellite Imagery
1. ERTS, MSS bands 4,5,6,7 (B&W)
2. ERTS, color composite
3. ©Satellite Scanning Radiometer (B&W)
We then listed coastal features and correlated

them on a matrix‘(Table 1) to the twelve interface

types which were identified in the along-the-coast
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classification.2 This matrix provides the simple
organization of coastal‘features into patterns which
define interface types by the presence, absence, or
association of attributes. This matrix aids in under-
standing cqastalbform complexes and serves as a key to
combinations and associations in imagery interpretation.
.The matrix- of coastal features and the certainty
with which these features can be recognized on each
type of imagery is listed in Table 2. For a comparison
of imagery with topographic maps, Table 3 provides our
estimates of the relative certainty with which the
coastal features can be interpreted on various scales
of maps ‘and indicates the level of accuracy with which

-measurements can be made.
DISCUSSION

The matrices and tables (Tables 2-6) present the
results of an evaluation of eight types of imagery for
use in obktaining inforﬁatiqn on selected elements of
the coastal landscape. The foremost problem in con-
ducting and presenting this study is the subjectivity

inherent to remote=-sensing interpretation. Levels of

2A glossarv of coastal features and interface
tvpes is given in Appendix B.
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TABLE 3

Recognition of Landscape Elements on Topographic Maps
of Various Scales, with Degree Accuracy
of Quantitative Extraction Indicated

g =
=3 o o =4 o =] o 2
Landscape Elements 2 3 8 ° 2 2 o o
: N s ) < S 3 4
S &8 ¢ o8 8 g I 2
~ - - - - o = B
Relief
High Relief 4a 42 42 4B ac 3c ac 2¢
Low Relief 4h 4a 4a 4B 4C 3c ac 2C
Coastal Plain 4n 43 4A 4B ac 3c ic 2¢
Shore Material
Rocky, mainland 3 3 3 2 2 2 2-1 1
rocky, skerry 3 3 3 2 2 2 2-1 1
Shingle 3 3 3 2 2 2 2-1 1
Sand, sandy 3 3 3 2 2 2 2-1 1
Siltage 3 3 3 2 2 2 2-1 1
Coral, fringing reef 4 4 4 4 4 3 2-1 2-1
Coral, barrier reef 4 4 4 4 4 3 2-1 2-1
Topographic Forms . .
Coastline 4a 4a 4A 4 4a 4A 4a 4B
Promontory 4n 4a 4A 4A 4B 3¢ 2c 2c
Cliff 4B 3B 3C 2C 2C 2C 2C 1
Truncated Spur 4A 4A 4B 3B 3C 3c 1 1
Barrier 4n 4B 4B 4B - 4C 4c. 4C 3¢
Alluvial Plain 4A 4A 4a 4B 4C 3c 3c 2c
Natural Levee 4B 4B 4B 4B 4c 1 1 1
Dune, stable (vegetated) 2c 2C 2c 1 1 1 1 1
Dune, nonstable (nonvegetated) 2¢ 20 2C 1 1 1 1 1
Tidal flat 4A 4B 3B 2c el 2c-1 2C-1 1
Swash zone 1 1 1 1 1 1 1 1
Beach 1 1 1 1 1 1 1 1
Beach crest 3B 1 1 1 1 1 1 1
Hydrographic Forms
Bathyorographic variance
great 4N T AA 42 4 4 3a aa 2B
little 4A 4A 4A 4a 4A 3A 3a 2B
flat 43 4a 4A 4a 4a 3A 3a 2B
Submarine bar
Shoals
Channel
hanging valley 4A 4B 4B ac 2C 1 1 1
mouth (river) 4a 4B 4B 4B ac 3C 3C 3¢
inlet 4A 4B 4B 4B 3C 3C 2C 2C
tidal channel 43 4B 4B 4c 4c 2c 1 1
distributary 4A 4B 4B 4ac 4c 3¢ 2c 2c
drainage pattern 4a 44, 4A 4a 3B 3C 2C 2C
Bay
oper. bay or bight 4n 4aa 4A 4A 3B 3c 2C 1
bayhead beach 4a 4A 4B 4B 3C 2c 1 1
funnel sea . 4A 4a 4a 4A 4B 3ac 2c 2c
trough, u-shape valley 4A 4A 4A 4A 4B 4C 3C 2C
closed bay or lagoon 4A aa 4a° 4B 4C 3c 3¢ 20
Site-Specific Features
Berm 2C 2C 2C 1 1 1 1 1
Beach ridge 4A 4B 4B 3c 1 1 1 1
Qverwash mark 2¢ 1 1 1 1 1 1 1
spit 4a 4B 4B 3 2c 2c 2C 2C
cusp 1 1 1 1 1 1 1 1
Tidal delta 2c 1 1 1 1 1 1 1
Process Features
Wave approach 1 1 1 1 1 1 1 1
Wave breaking, breakers 1 1 1 1 1 1 1 1
Water mass 1 1 1 1 1 1 1 1
River plume 1 1 1 1 1 1 1 1
Sediment, in suspension 1 1 1 1 1 1 1 1

Recognition:
4 = element clearly presented
3 element fairly clearly presented
2 = interpretation doubtful

1 - element not presented

Accuracy of Quantitative Extraction
A = accurate measurements can be nade .
B accuracy marginal; measurements can be taken depending on degrees of accuracy required
¢ = cannot or should not take measurements
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TABLE 5

Landscape Elements Grouped by Scales of Dimensionality

Scale Landscape Elements
1 2
Region (most of variation on order G| coastline relief
of 100-500 miles) scale of R| barrier alluvial plain
gross coastal form o] bathyorographic variance
S mouth (river) channel form
s trough, bay form
lagoon, bay form
S
c
A
L
E
3 4
Area (most of variation on order M| coral reef truncated spur
of 10~100 miles) scale of E| promontory inlet, channel form
differentiation within gross D] natural levee drainage pattern, channel form
form I| tidal channel, channel |open bay, bay form
U form bayhead beach, bay form
M| distributary, channel
form
S| funnel sea, bay form
C
A
L
E
5 6
Site (most of variation on arder 5| hanging valley, channel| shore material:
of 0-10 miles) scale of local M form rocky dune
character A | beach ridge " shingle beach crest
L| spit sand berm
L siltage tidal delta
cliff
] tidal flat
o
A
L
E

Table 5 constructed from Table 3 according tco these criteria

elements clearly presented on 1:1,000,000 topographic maps
elements fairly clearly presented on 1:1,000,000 topographic maps
elements clearly presented on 1:250,000 topographic maps

elements fairly clearly presented on 1:250,000 topographic maps
elements clearly presented on 1:62,500 topographic maps

elements fairly clearly presented on 1:62,500

GV W R

The following features do not appear on topographic maps: process features, overwash mark, cusp,
beach.

The vegetative life-forms 1) are not describable by these scales and 2) do not appear with
consistency on topographic maps and so are not included.
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interpreter training, experience, and understanding
of coastal environments can vary considerably. Al-
though an objective presentation of subjectively obtained
results is impossible, the numerical ratings (Tables 4
and 6) do provide an effective relative evaluation of
the imagery types which is meaningfﬁl to most readers.

A second problem in studying the applicability
of each type of imagery is the variability of image
quality. Although the quality of visual definition is
effected by atmospheric conditions, f£ilm exposure,
and quality of sensor and film, calibration of these
factors is difficult. The results presented here can
be regarded as representing what should be expected
with good to excellent imagery.

Imagery availability is a third probleﬁ. Since
no single agency acts as a clearinghouse for aerial
photography, it may take several weeks to locate the
desired imagery at the desired scale. The delivery
time on most orders is, at best, a month because prints
or transparencies are made on request. Resolution varies
with imagery type but improves as the scale increases;
in cases where the desired scale is not available, com-
mensurate resolution might be obtained on other types of

imagery at the same or different scale.
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The particular landscape élements chosen for
this study reflect a subjective bias. From all the.
possible elements which could have been studied, we
selected only those considered significant in defining
the classification of interface types or in delineatihg
across-the-coast zones; such elements as mudlumps and
kelp were not included. Other elements represent prior
arbitrary éategorizatipn; i.e., the categories of relief.
The nomenclature was intended to be descriptive in order
to avoid genetic prejudgment of coastal types: "Rocky"
isvdescriptive yet encompasses glacial, faulted, and
volcanic coasts. Terms having a process or generic
context could not be completely avoided; i.e., natural
levee, trﬁncated spur, trough bay.

This evaluation is based on the observations of
two untrained interpretefs with a modest sample of
imagery. Although there is a large body of remote-
sensing literature, it was of little assistance in our
study. In many papers differentiation between conjecture
and actual observation was difficult. 1In addition, the
major concern of many articles was on a sensor technology
rather than image application. At present, the remote-
sensing field is extremély transitory; continuing studies
will undoubtedly refine the applicability of the various

types of imagery and scales.
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SUMMARY AND CONCLUSIONS

Our study focused on the evaluation of eight types

of imagery for use as an information source in coastal

investigations. Our conclusions and observations may

be summarized as follows:

1.

Much of the existing literature is of little
value in investigations concerned with the
applications of various types of imagery.

The consistency in‘quality and scale éoverage
of imagery types is poor.

The difficulties in ascertaining the hblding
agency of necessary imagery and the acquisition
procedures are hindrances to studies requiring
imagery. |
In order to diminish the effects of individual
subjectivity, séveral interpreters should be
involved in producing an evaluation; at least
two interpreters should be employed in any
study using imagefy as a data base.

Because some coastal landscape elements do not
appear or are poorly developed (like fjords)
along coasts of the continental United States,
a study of imagery for foreign areas would be
extremely helpful in aiding the understanding

of element associations (Table 1).
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10.

Each imagery type has charactefisticé wﬁich
favor application to certain studies. Re-
searchers can take maximﬁm advantagebof
resources and incréase efficiency by knowing

the capabilities of the various imagery types
(Tables 4 and 6) and by chobsing the imagery
appropriate to their needs.

Color infrared photography offers the best
single choice: recognition'ratings of land-
scape elements remain good despite scale
reduction. Color IR is suitable for most

needs and is particularly good for wvegetation
analyéis. Efféctive scales are 1:100,000 or
larger with the most useful range being 1:20,000
to 1:60,000.

Satellite imagery has low recognition ratings,
but is suitable for viewing suspended sediment,
river effluent dispersion, and gross landform
variation.

Relief interpretation from imagery is uncertain,
as the recognition ratings indicate. However,
clues to relief are giveh by fragmented patterns
of the landscape, drainage dissection, and land-
use patterns.

In any study, maps and imagery complement each
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other: maps provide precise location, place
namés, and c0ntours) imagery presents water-
body.characteristics, process features, teriain_
details and relationships, and accurate vege-

tational distributions.
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GLOSSARY A

Advantages, Disadvantages and
Best Uses of Various Imagery
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BLACK-AND-WHITE IMAGERY

Black—and—White Panchromatic Photography

Advantageé: resolution excellent. Topographic forms,
including beach features and beach zones, are fairly
easily distinguished. Hydrographic forms appear
more clearly and submarine features are visible in
greater depths of water than on infrared pho;ography.

Vegetation forms are fairly easily distinguished.

Disadvantages: .less clear than either infrared or color
photography. Tonal range decreases as scale decreases
and identification of features is more difficult.
Elevation changes are generally not apparent; cliffs
are not recognizable without stereoviewer. Scale is
usually too large to view regional patterns and large
spatial relationships (without splicing); thus drain-
age patterns, bar systems, river plumes, etc., can
be identified but not seen in their spatial perspec-
tive.

Best Use: where accurate detailed iesolution of small
features is required, especiélly for shoreline
features; good for recognition of vegetation types.
Recommended scale - 1:20,000 because of tonal

range decrease.
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Infrared Black-and-White Photography

Advantages: resolution of detail excellent; definition

considerably better than on black—and—white panchro-
matic. Clarity is better than on color prints, but
color provides a wider range df tones. Provides
extremely good definition of vegetation forms (broad-
leaf and coniferous types differentiatéd) and beach
features (even to aeolian drift behind duneé). Also
has high contrast of wet and dry areas; drainage, .
shoreline, wetlands, and tide stages are clearly

demarcaﬁed.

Disadvantages: prints cannot be enlarged and still retain

Best

the same resolution and brightness as transparencies.
Suspended sediment and submerged deposits are not
visible. Wave patterns are not visible (unless sun

reflects into camera).

Use: studies where high contrast between wet and dry
areas is needed or where good discrimination of vege-
tation types is required. Identification is improved
when used in cénjunction with biack-and—white pan-
chromatic.

Recommended scale - larger than 1:20,000.
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COLOR IMAGERY

Color Photography

Advantages: wider range of tone than on black and white

which permits easier identification of featurésvat
smaller scales than islpossible with black and white.
Shoreline composition is fairly easily detected,
especially at larger scales; Vegetotion forms and
elevation changes appear clearly; at 1:10,000 and
larger, c¢liffs can be identified without steroo—
graphic aid. Suspended sediment appeafs very clearly
and shallow bathymetric variation can usually be
discerned. Resolution of detail is excellent;

greater on transparencies than. on prints.

Disadvantages: coverage for higher latitudes is consider-

Best

ably less than elsewhere. Variations from true color

may confuse identification.

Use: studies.concerned with elevation variation

1(including'cliffs), shoreline composition, sediment

suspension, and bathymetric variation. Also good
for discrimination of water indicators like vege-
tation. For topographic variation studies (without
aid of stereoviewer).

Recommended scale - 1:12,000 or larger.
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Color Infrared Photography

Advantages: combines advantages of wide tonal range of

color, sensitivity of detail, and wet/dry contrast

- of infrared. Vegetation forms appear with greater
definition than on color. Drainage channels and
land/water interfaces are clearly seen. Soil
moisture differences, wetland vegetation types, and
high and low water marks are clearly demarcated.

- Shoreline composition can be interpreted on larger
scales. Mangrove shorelines and brackish water
marshes show sharp delineation at 1:10,000 and

larger. Marsh types are shown clearly.

Disadvantages:

Best Use: for studies requiring differentiation of
wetland vegetation forms. Best choice of imagery
for general use or when there is only one choice
of imagery.

Recommended scale - 1:10,000 or larger depending

on use.
ERTS IMAGERY

Earth Resources Technology Satellite imagery provides
nonphotographic imagery which is produced through the con-

version of electronic signals to photographic negatives.
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The images are available as contact prints (1:3,369,000)
or as enlargements at 1:1,000,000, 1:500,000, and 1:250,
000. The multi-spectral scanner (MSS) i1s one of two
types of ERTS imagery sensors. The MSS sensor produces
images at four different wave bands (4,5,6,7). The ERTS
imagery was not intended to provide imagery for highly
detailed studies or large-scale precision.. It is best
‘suited for regional studies involving the distributions

and relationships of gross-scaled to medium-scaled features.
ERTS IMAGERY, MSS BANDS

Band 7

Advantages: high contrast wet and dry areas provides
sharp delineation of shoreline-configuration drain-
age patterns. Visible elements are presented within
spatial perspective. Tidal flats are visible.
Marsh/water interfaces and upper wetland boundary

are clearly seen. Large plant communities are also

seen.

Disadvantages: landscape elements other than those
associated with shoreline configuration (bay form,

barriers, etc.) nearly impossible to identify.

Differentiation within wetland types is difficult.
Of all MSS bands, provides poorest or no view of

sediment drift.
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Best Use: any studies requiring distinction between
wet/dry areas. Studies requiring analysis of
regional patterns and gross elements are within
their spatial perspective, as drainage patterns,
barrier chains, etc.

Recommended scale - 1:250,000

Band 6

Advantages: 1and/water definition is very clear but not
as clear as on Band 7. Shoreline configuration forms
(bays; headlands, islands, etc.) are clearly seen.
Topographic variations are better distinguished than
on ‘Band 7 because of more grey tones; for example,
patches of agricultural land and beaches appear.
Marsh/water interface and upper wetland boundary

are clearly seen.

Disadvantages: because of narrow tonal range,.many land
features are difficult to interpret. Small features
or details are not recognizable or do not appear at
all; i.e., resolution is poor except for land/water

interfaces. Wetlands appear, but boundaries are

fuzzy.

Best Use: studies involving land/water contrast, or
land-use practices.

Recommended scale -'1:250,000.
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Band 5

Advantages: of all the MSS bands, Band 5 gives the
best general image. Sediment patterns are clearly
seen, perhaps not as well as on MSS 4 but is not
as effected by haze as MSS4. Land features are
clearer tﬁan on Bands 6 or 7. Vegetated areas are
apparent. Bathymetric variation can be seen in
shallow water (50-70 feet). Water masses and tidal

flats are visible.

Disadvantages: land/water interface clear only where
'shoreline is sand; 6ther shorelines are fuzzy.
Difficult to impossible to intefpret relief, tonal
definition is poor. Vegetative life-forms cannot
be distinguished although'vegétated vs. non-vegetated
areas are clear. Land/water interface less easily

identified than on Band 6.

Best Use: studies concerned with gross topographic fea-
tures and relationships (mountain ranges, f£lcod
plains, etc.); regional patterns of sediment drift
can be studied;

Recommended scale - 1:250,000.
Band 4

Advantages: of all the MSS bands, Band 4 gives the

136



best view of topographic forms (when not obscured
by atmospheric haze). Relative depth and turbidity
of water bodies are fairly clear. Sediment drift

is clear. Water masses are seen.

Disadvantages: of ;11 the MSS bands, . provides the poorest
contrast between land and water: difficult to discern
interfaces. Of all the bands, MSS 4 is most effected

by atmospheric conditions.

Best Use: studies concerned with regional views of topo-
graphic forms and sediment drift.

Recommended scale - 1:250,000
ERTS IMAGERY; COMPOSITE

Color Composite: Bands 4,5, and 7

Advantages: wetland vegetation types fairly easily
identified (water-table level is interpretable).
Shoreline configuration, associated forms, and
drainage patterns are well-defined. Land features

~are enhanced: clearer than on black-and-white ERTS

bands. Large plant communities can be seen.

Disadvantages: resolution poor (poorer than on black
and white bands), fuzzy boundaries between vegetative
forms and water interfaces. Relief'not interpretable.
Sediment drift ill-defined, bathymetric variation

not shown.
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Best Use: studies concerned with regional relation-
ships and patterns of major land forms, shoreline
configuration, river mouths, and drainage patterns.

Recommended scale - 1:250,000

Satellite Scanning Radiometer, black and white print
(Approximate scale 1:20,000,000 to 1:25,000,000)

Advantages: river mouths and gross outline of large
land masses and bodies of water visible. Imagery
ié thermal,.thus, edge of Gulf Stream and approxi-
mate location of the continental shelf.may be

identified. Weather patterns are very clear.

Disadvantages: barrier islands not ﬁisiblé unless
wider than about 5 miles. Very narrow tonal
range permits recognition only-of gross features.
Submarine features cannot be éeen. Clouds fre-

guently obscure coastline.

Best Use: studies involving weather patterns and their

relation to continental position.
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GLOSSARY B

Part I: Landscape Elements

Part II: Interface Types

All definitions are from Glossary of Geology
American Geological Institute, M. Gary et al.
editors, 1972, except where indicated.
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LANDSCAPE~“ELEMENT TERMS

Relief ‘ :
High Relief
Low Relief
Coastal Plain

Shore Material
Rocky
Skeery (rock)
Shingle -
Sand, Sandy
Siltage
Fringing Reef (coral)
Barrier Reef (coral)

Topographic Forms
Coastline
Promontory
Cliff
Truncated Spur
Barrier
Alluvial Plain
Tidal Flat
Natural Levee
Dune: stable (veq.)
unstable (non-veg.)
Swash Zone :
Beach
Beach Crest

Hydrographic Forms
Bathyorographical variation: great variance
little variance (smooth
slope)
Breaker or Breaking Wave: Submarine Bar
Shoals

Channel: Hanging Valley
Mouth (river)
Inlet
Tidal Channel
Distributary
Drainage Pattern
Bay: Open Bay or Bight
Bayhead Beach
Funnel Sea
Trough or U-shaped Valley
Closed Bay or Lagoon



Site~Specific Features
Berm
Beach Ridge
Overwash Mark
Spit
Cusp
Tidal Delta

Process Features
Wave Approach
Water Mass
River Plume
Drift (suspended sediment)

Vegetative Life-forms
Upland Vegetation (moist soils)
Wooded
Shrubbery
Grass
Wetland Vegetation (wet soils)
Wooded Swamp (including special types; i.e., mangrove,
nipa palm, cypress, taiga)
Shrub Swamp (including special types; i.e., tundra
and heath; typically alders, willows,
dogwood, buttonbush, swamp-privet)

Grass
Tidal Marsh
Salt Marsh

Freshwater Marsh
Submerged Aquatic Plants

Desert Vegetation (dry soils)
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LANDSCAPE-ELEMENT TERMS
Relief

Relief. The vertical difference in elevation betweén the
hilltops or mountaiﬁ summits and the lowlands or
valleys of a given reégion. A region showing a great
variation in elevation has "high relief"; one showing

little wvariation has "low relief."

High Relief. A region shéwing a great variation in relief
has "high relief" (see Relief).
In this project, high relief was defined as relief

greater than 100 feet within 4 miles of the coastline.

Low Relief. A region showing little variation in elevation
has "low relief" (see Relief).
In this project low relief was defined as relief less

than 100 feet within 4 miles of the coastline.

Coastal Plain. Any lowland area bordering a sea or ocean,

extending inland to the nearest elevated land and

sloping very gently seaward.

Sbore Material

Shore Material. The characteristic or dominant composi-

tional substance of the beach. (Author's definition).
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Rocky. (a) Any notable, usually bare peak, cliff,
promontory, or hill considered as one mass; (b) A
rocky mass lying at, near, or projecting above the

surface of a body of water.

Skeery. A low, small, rugged and rocky island or reef;
an isolated rock detached from the mainland, rising
above sea level from a shallow strandflat, and

covered by the sea during high tides or stormy weather.

Shingle. Coarse, loose, well-rounded, and waterworn
detritus or alluvial material of various sizes;
especially beach gravel composed of smooth and
spheroidal or flattened fragments relatively free
from fine material... Strictly, the term refers
.to beach pebbles and cobble of roughly the same
size; more commonly, it includes any beach material

coarser than ordinary gravel.

Sand. A tract or region of sand such as a sandy beach

along the seashore, or a desert land.

Sandy. Pertaining to or containing sand or consisting of,

abounding in, or covered with sand.

Siltage. A mass of silt.

Fringing Reef. A coral reef that is directly attached to

or borders the shore of an island or continent, having

143



a rough, table-like surface that is exposed at low
tide; it may be more than 1 km wide, and its sea-
ward edge slopes sharply down to the sea floor.
There may be a shallow channel dr_lagoon betﬁeen
the reef and the mainland, although strictly there
is no body of water between the reef and the land

upon which it is attached.

Barrier Reef. A long, narrow coral reef roughly parallel
to the shore and separated from it at some distance

by a lagoon of considerable depth and width.

Topographic Forms

Topographic Form. A landform considered without regard
to its origin, cause or history. A landform is
defined as any physical recognizable form or feature
of the Earth's surface, having a characteristic
shape, and produced by natural causes; it includes
major forms such as a pléin, plateau or mountain,

and minor forms such as a hill, valley, slope,

esker, or dune.

Coastline. Commonly, the line that forms the boundafy
between the land and the water, especially the water
of a sea or ocean. A general term to describe the

appearance or configuration of the land along av
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coast, especially as viewed from the sea; it
includes bays, but crosses narrow inlets and

river mouths. --- the terms shoreline and coast-
line are often used synonymously, but there is

a tendency to regard "coastline" as a limit fixed
in position for a relatively long time and "shore-
line" as a limit constantly moving across the

beach.

Promontory. A high, prominent projection or point of
land, or cliff of rock, jutting out boldly into

a body of water beyond the coastline; a headland.

Cliff. Any high, very steep to perpendicular or over-
| hanging face of rock (sometimes earth or ice)
occurring in the mountains or rising above the
.shore of a lake or river; a precipice. A cliff is
usually produced by erosion, less commonly by

faulting.

Truncated Spur. A spur that formerly projected into a
preglacial valley and that was partially worn away
or beveled by a moving glacier that widened and

straightened the valley.

Barrier. An elongate offshore ridge or mass usually of
sand rising above the high~tide level, generally

extending parallel to, and at some distance from,
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the shore, and built up by the action of waves and
currents. Examples include barrier beach and barrier

island.

Alluvial Plain. A level or gently sloping tract or slightly
undulating land surface produced by extensive deposi-
tion of alluvium, usually adjacent to a river that
periodically overflows its banks; it may be situated

on a flood plain, a delta, or an alluvial fan.

Tidal Flat. An extehsive, nearly horizontal, marshy or
barren tract of land that is alternately covered
- and uncovered by the rise and fall of thé tide, and
consisting of unconsolidated sediment (mostly mud
and sand). It may form the top surface of a deltaic
deposit. Includes sand flat (predominantly sand)

and mudflat (predominantly mud).

Natural Levee. A long, broad, low ridge or embankment of
sand and coarse silt, built by a stream on its flood
plain.and along both banks of its channel, especially
in time of flood when water overflowing the normal
banks is forced to deposit the coarsest part of its
"load. It has a gentle slope away from the river and
toward the surrounding flood plain, and its highest
elevation is closest to' the river bank, at or near

normal flood level.
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Dune. A low mound, ridge, bank, or hill of loose, wind-
blown granular material (generally sand, sometimes
volcanic ash), either bare or covered with vegetation,
capable 6f mbvement from place to place but always

retaining its own characteristic shape.

Swash Zone. The sloping part of the beach that is alter-
‘nately covered and uncovered by the uprush of waves
and where longshore movement of water occurs in a

zigzag (upslope-downslope) manner.

Beach. A gently sloping zone, tvpically with a concave
profile, of unconsolidated material that extends to
the place where there is a definite change in material
or physiographic form (such as a cliff) or to the
line or permanent vegetation (usually of the effective
limit of the highest storm waves); a shore of a body
of water, formed and washed by waves or tides, usually
covered by sandy or pebbly material, and lacking a bare

rocky surface.

Beach Crest. A temporary ridge or berm marking the land-

ward limit of normal wave activity.
Hydrographic Forms

Bathyorographical. Pertaining to the description of the

ocean floor.
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Breaker. A sea-surface wave that has beccme too steep
so that the crest outraces the body of the wave
and collapses into a turbulent mass on shore or

over a reef or rock. Syn. Breaking Wave.

Submarine Bar. A longshore bar that is always submerged,
or never exposed above the water level even by low
tides. (A longshore bar is defined as a low, elongate
sand ridge, built chiefly by wavé action, occurring
at some distance from, and extending generally pérallel
with, the shoreline, being submerged at least by high
tides, and typically separated from the beach by an

intervening trough).

Shoal. An elevation, or an area of such elevations at a
depth of 10 fathoms or less, composed of material
other than rock or coral. It may be exposed at low

- water.

Channel. The hollow bed where a natural body of surface
water flows or may flow; a natural passageway, oOr
depression of perceptible extent containing continu-
ously or periodically flowing water, or forming a

connecting link between two bodies of water, a

watercourse.

Hanging Valley. A coastal valley whose lower end is
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notably higher than the shore to which it leads,
produced where betrunking or rapid cliff recession
causes the mouths of streams to "hang" along the

cliff front.

Mouth. The place of discharge of a body of water into
a larger body of water, as where a tributary enters
the main stream or where a river enters a sea oOr

lake. -

Inlet. A short, narrow waterway running between islands
or connecting a bay, lagoon, or similar body of
water with a larger body of water, such as a sea or
lake; e.g. a waterway through a coastal obstruction
(as a reef or barfiér island) leading to a bay or

© lagoon.

Tidal Channel. A major channel followed by the tidal
currents, extending from offshore well into a tidal

marsh or tidal flat.

Distributary. An irregular, divergent stream flowing away
from the main stream and not returning to it, as in

a delta or on an alluvial plain.

Drainage Pattern. The configuration or arrangement in
plan view of the natural stream courses in an area.
It is related to local geologic and geomorphic features

and history.
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: ABay.

Open

A large tract of water that penetrates into the
land and around which the land forms a broad curve.
By international agreement, a bay is a water body
having a baymouth less than 24 nautical miles wide
and an area that is equal to or greater than the
area of a semicircle whose diameter is equal to

the width of the baymcuth.

Bay. Anindentation between two capes or headlands,
so broad and open that waves coming directly into
it are nearly as high near its center as on adjacent

parts of the open sea; a bight.

Bight. A long, gradual bend or gentle curve, or slight,

crescent-shaped indentation, in the shoreline of
an open coast or of a bay; it may be larger than a
bay, or it may be a segment of a feature smaller
than a bay. A tract of water or a large bay formed

by a bight: an Open Bay.

Bayhead Beach. A small crescentic beach formed at the

head of a bay by materials eroded from adjacent
headlands and carried to the bayhead by longshore

currents and/or storm waves.

Funnel Sea. A gulf or bay that is narrow at its head

and wide at its mouth and that deepens rapidly from
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head to mouth, thus resembling one half of a

funnel split lengthwise.

Trough. Any long and narrow depression in the Earth's
Surface, such as one between hills or with no
surface outlet for drainage; especially a broad,

elongated, U-shaped valley, such as a glacial trough

or a trench.

U-shaped Valley. A valley having a pronounced parabolic
cross profile suggesting the form of a broad letter

"U", with steep parallel walls and a broad nearly

flat floor;..

Closed Bay. A bay indirectly connected with the sea

through a narrow pass.

Lagoon. A shallow stretch of seawater such as a sound,
channel, bay, or salt-water lake, near or communicating
with the sea and partly or completely separated from
it by a low, narrow, élongate strip of land, such as
a reef, barrier island, sandbank, or spit; especially
the sheet of water between an offshore coral reef and

the mainland. It often extends roughly parallel to

the coast, and it may be stagnant.
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Site-Specific Features

Berm. A low, impermanent, nearly horizontal or landward
sloping beach, shelf, ledge, oOr narrow terrace on
the backshore of a beach, formed of material thrown
up and deposited by storm waves; it is generally
bounded on one side or the other by a beach ridge

or beach scarp.

Beach Ridge. A low, essentially continuous mound of
beach-and-dune material (sand, gravel, shingle)
heaped up by the actidn of waves and currents on
the backshore of a beach beyond the present limit
of storm waves or the reach of ordinary tides, and
occurring singly as one of a series of approximately
parallel deposits. The ridges are roughly parallel
to: the shoreline and represent successivé positions

of an advancing shoreline.

Overwash Mark. A narrow, tongue-like ridge of sand

formed by overwash on the landward side of a berm.

Spit. A small point or low tongue or narrow embankment
of land commonly consisting of sand or gravel deposited
by longshore drifting and having one end attached to
the mainland and the other terminating in open water,

usually the sea; a finger-like extension of the beach.
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Cusp. Any of a series of low, crescent-shaped mounds or
ridges of beach material built by wave action and
separated by smoothly curved shallow depressions
spaced at more or less regular intervals along and
generally at right angles to the shoreline, and
varying in ;'I.ength across their seaward-pointing
apices from less than é meter to many kilometers;

a beach cusp, a storm cusp, a giant cusp, a cuspate

spit, and a cuspate foreland.

Tidal Delta. A delta formed at the mouth of a tidal
inlet on both the seaward and lagoon sides of a
barrier island or baymouth.bar by changing tidal

currents that sweep sand in and out of the inlet.
Vegetative Life-forms

Life Form. The vegetative form of an organism such as
tree, shrub, annual, liana, bunchgrass, broad-
leafed sclerophyll, etc. Synonymous with growth

form. (Cain, p. 483).

Moist Scoils. Usually not saturated with water but for
long periods have enough moisture for plant growth.

(U.S. Department of the Interior, p. 87).

Wooded. Covered with trees. (Webster's New Collegiate

Dictionary).
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Shrubbery. A gro&th of shrubs; shrubs collectively.
Shrub is defined as a low, usually several-stemmed
woody plant; a bush. (Webster's New Collegiate

Dictionary).

Grass. Grass-covered ground. (Webster's New Collegiate

Dictionary).

Wetland. Lowlands covered“with shallow and sometimes
temporary or intermittent waters. (Fish and Wild-

life Service).

Wet Soils. Seasonally or permanently saturated with

water. (U.S. Department of the Interior, p. 87).

Swamp. A water saturated area, intermittently or
pérmanentiy covered with water, having shrub- and

tree-type vegetation.

Tidal Marsh. A low, flat marsh bordering a coast (as
in a shallow lagoon or a sheltered bay), formed of
mud and of resistant mat of roots of salt-tolerant

plants, and regularly inundated during high tides.

Salt Marsh. Flat, poorly drained land that is subject
to peribdic or occasional overflow by salt water,

| containing water that is brackish to strongly saline,

and usually covered with a thick mat of grassy

halophytic plants; e.g. a coastal marsh periodically

floocded by the sea.
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Freshwater Marsh. A marsh that depends on nohtidal
freshwater rather than a salﬁwater source. Along
the southeastern Atlantic coast of the United
States the term savannah is used for marshy alluvial

flats with occasional clumps of trees.

Submerged Aguatic Plant. A hydrophyte the main part of

which grows below the surface of the water..

Desert. An area of low moisture due to low rainfall,
i.e. less than ten inches annually, high evaporation,
or extreme cold and which supports only specialized
vegetation, not that typical of the‘latitudes, and
is generally unsuitable for human habitation under

natural conditions.

Dry Soils. Lack moisture for plant growth for long

periods. (U.S. Department of the Interior, p. 87).
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Sand

INTERFACE-TYPE TERMS

Beach: A straight or gently curving broad beach of
sandy material formed on the mainland and possessing
many of the characteristics of a barrier-chain coast

except the lagoon. (Author's definition).

Barrier Island: A long, low, narrow, wave-built sandy

Sand

island representing a broadened barrier beach that
is sufficiently above high tide and parallel to the
shofe, and that commonly has dunes, vegetated zones,
and swampy terranes extending lagodnward:frdmdthe
beach. Also; a long series of barrier beaches as -
a barrier chain (a series of bafrier islands,
barrier spits,'and barrier beaches-extending alohg
a coast a considerable distance).

Barrier Beach: A single narrow, elongate sand’
ridge rising slightly above the high-tide level

and extending generally parallel with the shore,
but separated from it by a lagooﬁ or marsh; it is
extended by longshore drifting and is rarely more.

than several kilometers long.

Beach with Rock Headlands: A narrow beach formed
in an Open Bay or Bight bhetween rocky cliffed

headlands, commonly broadly crescentic in plan and
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concave toward the sea; or a series of such beaches.

(Author's definition).

Pocket Beach. A small narrow beach formed in a pocket
(an enclosed or sheltered place along a coast such
as a reentrant between rocky cliffed headlands or
a bight on a lee shore), commonly crescentic in
plan and concave towafd the sea, and generally
displaying well-sorted sands; a Bayhead Beach; or

a series of such beaches.

Shingle Beach. A narrow beach, usually the first to
form on a coastline having resistant bedrock and
cliffs, composéd of shinglé, and commonly having a
very steep slope on both its landward and seaward

sides.

Rock Coast. A jagged rocky coastline, especially

where dangerous to shipping.

Delta Shoreline. A prograding shoreline produced by the
advancing of a delta into a lake or sea.
Delta: the low, nearly flat, alluvial tract of
land deposited at or near the mouth of a river,
commonly forming a triangular or fan-shaped plain
of considerable area enclosed and crossed by many
distributaries of the main river, perhaps extending

" beyond the general trend of the coast, and resulting
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from the accumulation in a wider body of water of
sediment supplied by a river in such quantities
that it is not removed by tides, waves, and cur-
rents. Most aeltas are partly subaerial and partly

below water.

Estuary. (a) The seaward end or the widened funnel-shaped
tidal mouth of a river valley where freshwater mixes
with and measurably dilutes seawater and where tidal
effects are evident; e.g. a tidal river, or a partially
enclosed coastal body of water where the tide meets the
current of.a stream: (b) a portion of the ocean, as
a firth or an arm of the sea, affected by freshwater;
(c) a drowned river mouth formed by the subsidénce of
land near the coast or by thé drowning of the lower
portion of a nonglaciated valley due to the rise of

sea level.

Fjord Coast. A deeply indented, glaciated coast charac-
terized by a partial submergence»of glacial troughs,
and by the presence of steep parallel walls, trun-

cated spurs, and hanging valleys.

Coral-reef Shoreline. A shoreline formed by deposits of
coral and algae, partly exposed at low tide, and
characterized by reefs built upward from a submarine

floor or outward from the margin of a land area.
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‘;Mangrove Coast. A tropical or subtropical low-energy
coast the shoreline of which is overgorwn by

mangrove vegetation, such as in southern Florida.

Open-coast Marsh or Mudflat. Open~coast Marsﬁ: a salt
marsh formed along an open coast (a coast exposed
to the full action of waves and currents). A
coastal mérsh is defined as a marsh bordering a
seacoast, generally formed under the protection
of a barrier beach, or enclosed in the sheltered
part of an estuary.
Mudflat Coastline; a mudflat formed along an
open coast, a relatively flat foreshoré composed

of fine silt. (Author's definition).
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